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CHAPTER I 
INTRODUCTION 
Much attention has been paid to the relationship between 
the anatomy and physiology o£ the visual nervous system on the 
one hand and the properties of visual behavior on the other. 
Investigators who have advanced theories based on both of 
these two sets of data include Lashley, Hebb, Pavlov, K8hler, 
Pitts and McCulloch, Bartley, Marshall and Talbot, Adrian, and 
Eccles.l,2,3,4,5,6,7,8 
lK. S. Lashley, The problem of cerebral organization in 
vision, Visual mechanisms, ed. H. KlUver. Biol. Sympos., 
1942, z: 301-322. 
2K. S. Lashley, Functional interpretation of anatomic 
patterns, Patterns of Organization in the Central Nervous 
System, ed. ~· Bard. Res. Publ. Ass. nerv. ment. Dis., 1952, 
.lQ.: 529-547. ,, 
3w. Pitts and W. s. McCulloch, How we know universals: 
the perception of auditory and visual forms. Bull. math. 
Biophys., 1947, 2: 127-147• 
4s. H. Bartley, Visual sensation and its dependence on 
the neurophysiology of the optic pathway, Visual mechanisms, 
ed. H. KlUver. Biol. Sympos., 1942, z: 87-106. 
5w. H. Marshall and S. A. Talbot, Recent evidence for 
neural mechanisms in vision leading to a general theory of 
sensory acuity, Visual mechanisms, ed. H. KlUver. Biol. 
Sympos., 1942, z:, 117-164. 
6n. o. Hebb, The organization of behavior. New York: 
Wiley, 1949. 
7E. D. Adrian, The basis of sensation. London: Christo-
phers, 1928. 
BJ. C. Eccles, The neurophysiological basis of mind. 
London: Oxford Univ. Press, 1953. 
1 
A series of recent attempts to get at the relationship 
between the visual nervous system and visual behavior have 
concerned themselves with ascertaining the extent of the 
generalization between two anatomic structures, either for 
the two eyes, as in the research of Levine, 1 ' 2 '3 Siegel,4 
McCleary,5 Sperry and Clark,6 Riesen et al.,7,8 Chow and 
1J. Levine, Studies in the interrelations of central 
nervous structures in vision: I. The lack of bilateral trans-
£er of visual discriminative habits acquired monocularly by 
the pigeon. J. genet. Psychol., 1945, §2: 105-130. 
2J. Levine, Studies in the interrelations of central 
nervous structures in vision: II. The conditions under which 
interocular transfer of discriminative habits take place in 
the pigeon. J. genet. Psychol., 1945, £z: 131-142. 
3J. Levine, Studies in the interrelations of central 
nervous structures in vision: III. Localization of the memory 
trace as evidenced by the lack of inter- and intraocular habit 
transfer in the pigeon. J. genet. Psychol., 1952, 81:.19-27. 
4A. I. Siegel, Deprivation of visual form definition in 
the ring dove: II. Perceptual-motor transfer. J. comp. physiol. 
Psychol., 1953, ~:-249-252. 
5R. A. McCleary, Neural implications of interocular 
transfer in the goldfish. Amer. Psychologist, 1954, 2: 423 
fAbstr.) 
6R. W. Sperry and E. Clark, Interocular transfer of vis-
ual discrimination habits in a teleost fish. Physiol. Zool., 
1949, 22: 372-378. 
~A~ H. Riesen, M. I. Kurke and J. C. Mellinger, Inter-
ocular transfer of habits learned monocularly in visually 
2 
naive and visually experienced cats. J. comp. physiol. Psychol., 
1953, ~: 166-172. 
8A. H. Riesen and J. C. Mellinger, Interocular transfer 
of habits in cats after alternating monocular visual experi-
ence. J. comp. physiol. Psychol., 1956, ~: 516-520. 
Nissen, 1 Myers, 2 '3 and Sperry et al.,4 and Lashley,5 or for 
two cerebral cortical loci, one in each hemisphere, as in 
the work of Mayer. 6 
There are two classes of experiments on the generaliza-
tion between surgically isolated components of the mammalian 
visual nervous system. 
1. The first type of analysis of the mammalian visual 
nervous system involves photic stimulation of one eye as the 
conditioned stimulus, with the surgical control of the system 
consisting of the sectioning of specified neural structures. 
2. An alternative is to leave the visual system prac-
tically intact but to use as the CS restricted stimulation 
through an electrode implanted in a region within the visual 
nervous system. 
1K,-L. Chow" and H. W. Nissen, Interocular transfer of 
learning in visually naive and experienced infant chimpanzees. 
J. comp. physiol. Psychol., 1955, ~: 229-237· 
2R. E. Myers, Neural basis of bilateral perceptual inte-
gration. Science, 1955, 122: 877. 
3R. E. Myers, Interocular transfer of pattern discrimin-
ation in cats following section of crossed optic fibers. 
J. comp. physiol. Psychol., 1955, ~: 470-473· 
4R. W. Sperry, J. S. Stamm and N. Miner, Relearning tests 
for interocular transfer following division of optic chiasma 
and corpus callosum in cats. J. comp. physiol. Psychol., 
1956, ~: 529-533· 
5K. s. Lashley,. Studies of cerebral function in learning. 
VI. The theory that synaptic resistance is reduced by the 
passage of nerve impulses. Psychol. Rev., 1924, 11: 369-375· 
6c. E. Mayer, Transfer from one cortical point to another 
using an imbedded electrode technic. Unpublished doctor's 
dissertation. Boston University, 1955. 
3 
As an example of the first type of 'experiment, R. E. 
Myers has restricted the neurophysiological effect of mon-
ocular light stimulation by severing the crossed fibers of 
the optic chiasm as well as the posterior corpus callosum of 
the cat. 1 ~he effect of this operation was that each visual 
cortex received nerve fibers from only the ipsilateral eye. 
As a result, behavior conditioned to the patterned light 
stimulation of one eye did not generalize to like stimulation 
of the contralateral eye. Yet, when either or both the chiasm 
or corpus callosum is left intact, such behavior readily gen-
eralizes from one eye to the other. 2 '3 One interpretation 
of Myers' data is that ge~eralization will occur from the 
stimulation of one afferent pathway to the similar stimulation 
of another afferent channel, provided that one of two condi-
tions obtains: (l) the two afferent pathways overlap, which 
is true if the optic chiasm is not sectioned or (2) the two 
pathways inter-communicate, which is true if the corpus cal-
losum is not sectioned. An alternative view is that Myers, 
having demonstrated that trans-callosal connections are suf-
ficient to permit generalization to occur ·through the visual 
nervous system, is obliged to demonstrate whether other kinds 
~: 
lMyers, Science, 122: 877• 
2Myers, J. comp. physiol. Psychol., 48: 470-473· 
3sperry, Stamm and Miner, J. comp. physiol. Psychol., 
529-533· 
4 
of interconnections among cortical neurons suffice to allow 
generalization between surgically isolated parts of the vis-
ual nervous system. 
An example of the use of implanted electrodes to stimu-
late isolated parts of the visual nervous system is the ex-
periment of C. E. Mayer. 1 Mayer implanted one electrode in 
the left visual cortex and one in the right visual ·cortex of 
the albino rat. Behavior, consisting of an avoidance reac-
tion to a cohditioned stimulus, was conditioned to cortical 
stimulation by way of one of the implanted electrodes. After 
the animal had acquired this conditi~ned response, test stim-
ulations were presented through the previously unused elec-
trode. Six out of eight animals failed to make even a single 
response to stimulation of the novel cortical site. 
It should be pointed out that with the peripheral stim-
ulation (i.e., brightness contrast or patterned light stimu-
lation of the retina) of an intact visqal nervous system cats, 
rats and chimpanzees readily demonstrate generalization of a 
response from one eye to another (see Lashley; 2 Riesen, Kurke 
1Mayer, Unpublished doctor's dissertation. Boston Uni-
versity, 1955· 
2Lashley, Psychol. Rev., 21= 369-375· 
5 
and Mellinger; 1 and Chow and Nissen, 2 noting the control sub-
jects run in the latter two studies). Considering the fre-
quency of eye movements,3 and the anatomical multiplication 
of paths along the optic afferent channel,4 peripheral photic 
stimulation leads to changes in the functioning of a very 
large part of the entire visual cortex.5 By contrast, direct 
cortical stimulation may modify the activity of only a re-
stricted part of the visual cortex (and the nature of such 
modification differs from the effects of photic stimulation 
of the eyes). 6 One possible interpretation of Mayer's results 
is that the two loci of stimulation give rise to separate 
efferent pathways all the way to the final common motor 
path(s). This possibility awaits further investigation. 
lRiesen, Kurke and Mellinger, J. comp. physiol. Psychol., 
~: 166-172. 
2chow and Nissen, J. comp. physiol. Psychol., ~: 229-
237· 
3Hebb, PP• 39, 45-50, 82-87. 
4G. L. Walls, The lateral geniculate nucleus and visual 
histophysiology. Berkeley and Los Angeles: Univ. of Califor-
n~a Press, 1953, P• 17. 
5Marshall and Talbot, Biol. Sympos., z: 117-164. 
6Eccles, pp. 232-248. This author distinguishes poten-
tials in the cortex evoked by receptor stimulation from those 
evoked by electrical activation of adjacent cortical tissue. 
6 
Mayer has shown that certain spatially limited populations 
of neurons in the visual cortex do not function alike. This 
may indicate that the common finding of interocular general-
ization depends in part on the activation of overlapping pop-
ulations of cortical neurons. 
In the present experiment, a pair of electrodes were im-
planted in the ~ visual hemisphere, about 1 mm. apart, in 
the albino rat. A response conditioned to stimulation via 
one of these eleetrodes was tested for by means of stimulation 
via the second electrode. The frequency of response to the 
second electrode is used as a measure of inter-electrode gen-
·eralization. 
The present experiment differs from Mayer's in that (1} 
the latter involved contralateral cortical areas that may be 
connected by the corpus callosum, whereas that commissure is 
not a factor in the activity of ipsilateral cortical areas; 
(2) there is greater likelihood of rich neural interconnections 
between the two areas stimulated under conditions of the pres-
ent study. Nauta and Bucher, 1 ~., report many.association 
fibers in the visual cortex of the albino rat. On an anatom-
ical basis, then, one might expect greater generalization from 
one to the other of two ipsilateral visual cortex areas than 
for contralateral visual cortex areas. 
lw. J. H. Nauta and V. M. Bucher, Efferent connections of 
the striate cortex in the albino rat. J. comp. Neurol., 1954, 
100: 257-285. 
7 
CHAPTER II 
METHOD 
I. The Series of Experimental Treatments Given the Animals 
A. General Procedure for the Behavior Investigation 
The procedure of primary concern in the present research 
was the investigation of generalization between the two elec-
trodes implanted in the ipsilateral visual cortex. Other 
procedures were employed as controls for the purpose of rul-
ing out alternative explanations of the results of the inter-
electrode generalization study. 
In the order of the presentation of each treatment, the 
following is a summary of the behavioral procedures used with 
each of the three animals M-7, M-14 and M-16: (a) a pre-
operative investigation of light intensity stimulus general-
ization; (b) a post-operative investigation of inter-electrode 
generalization; (c) control training of the sT electrode (in 
order to compare the data with those for the training o£ the 
sD electrode which was necessary for the execution of proce-
dure b); (d) extinction on each electrode as a check for 
aversive properties of the stimulation; (e) cortical stimula-
tion intensity generalization separately assessed for each 
electrode; and (f) the plotting of a threshold function for 
stimulation by way of a single electrode. 
Animals ~-23 and M-24 were treated somewhat differently 
from the above. The major distinguishing characteristic'of 
the treatment of these animals is that they were subjected to 
at least two separate inter-electrode generalization tests, 
each at a different current intensity of cerebral stimulation. 
Procedures (a) and (b) were as described above; (c) the ex-
tinction of the cortical sD at the intensity used for the 
first inter-electrode generalization test (procedure b); (d) 
the retraining, from zero rnA. current intensity up, of the 
same sD electrode to the current intensity to be used in the 
second test of inter-electrode generalization (the first in-
tensity for rat M-23 was the second to be used with rat M-24, 
and vice versa); (e) the second generalization test (M-24 was 
given a third test, with the same current intensity to each 
electrode as used in the second test; this third test was con-
ducted with responses to sD reinforced unlike the other test 
sessions which were conducted under extinction conditions); 
(£) control training of the sT electrode. Animal M-24 alone 
underwent a further treatment, viz., an investigation of sav-
ings, with respect to time required to reach criterion, of 
extinction on the sT electrode following the extinction to 
criterion of responding to the sD electrode. 
All five animals were trained on a momentary discrimina-
tion in a Skinner box. Each response in the presence of the 
discriminative stimulus (SD) terminated that stimulus and was 
9 
reinforced with food. 1 In the present research, a period of 
no-reinforcement was correlated with the absence of sD. This 
absence will be called S~. Intervals between SD presentations 
were variable, with a mean of 1.2 min., so that the animal 
averaged 50 sD trials in 60 min. The successive interval 
lengths (for the seven~length cycle) were: 1.67 min., 1.27 
min., 1.33 min., 0.87 min., 1.47 min., 0.47 min., and 0.93 
min. (error of measurement about 0.10 min.). Trial-length 
was controlled by a limited hold procedure thus: after the 
arbitrary trial length (10 sec.) expires, sD is withdrawn and 
responses are no longer reinforced. Thus with the limited 
hold, an sD trial may be terminated either as the result of 
a lever-press or the lapse of a fixed time-interval. Behavior 
data that were recorded include (a) the number of total re-
sponses; (b) the number of responses to sU; and (c) the time 
allowed to elapse without a response being made during the 
presence of the sD. Two sources contributed to the elapsed 
time score: (1) the latency of the bar-pressing responses 
(the interval between the onset of the sD and the next re-
sponse which terminated sD; {2) when the animal failed to 
respond by 10 sec. after the· onset of the sD, the sD was 
terminated automatically and the 10 sec. was added to the 
cumulative total of elapsed time. Variability of behavior 
lB. F. Skinner, The behavior of organisms. New York: 
Appleton-G€ntury-Crofts, 1938, pp. 183-185. 
10 
was estimated by inspection from the cumulative response 
frequency curves obtained on a cumulative response pen re-
co.rder. 
Each animal underwent daily experimental sessions of one 
hour and £orty minutes duration. The largest proportion of 
behavior fluctuation takes place during the first 40 min. 
(referred to hereafter as the "warm-up" period). The last 60 
min. are designated as the "preferred hour," for which the 
data were separately recorded. The rats were trained on a 
given sD until they met the criterion of 150 or less total 
responses per preferred hour. When the animal made 50 sD 
responses in the preferred hour, he made.lOO or less responses 
in the presence of s11 during this preferred hour. However, 
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sD is on only 14% of the time, at most, during the preferred 
hour (actual measurements of time elapsed in the presence of 
sD are typically near the 3% mark. Thus an animal discrim-
inating at an acceptable level (as defined by behavior meeting 
the criterion) makes one-third of his total responses in a 
period amounting to only 3% of the preferred hour. 
After an animal met the criterion he was run through a 
critical session, following the usual warm-up period. During 
the critical session itself, which lasted about 40 min., 16 
trials on sD were presented to the animal. The animal also 
received 16 trials on a test stimulus sT. Ordinarily, no 
response was reinforced during a critical session. The first 
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five trials on each of these stimuli were alternated as fol-
lows: first, sT, then, sD; siD; sD; sT; sD; sT; sD; sT; and sD. 
The remaining 22 trials were presented in the following random 
sequence: _sD; sD; sD; sT; sD; sT; sT; sD; sT; sD; sD; sT; sT; 
~ 
sT; sT; sD; sT; sD; sD; sD; sT and S~. This same sequence 
was used for every critical session with the £iv.e animals. 
B. Light Intensity Stimulus Generalization 
During the critical sessions on light intensity general-
ization, sD was the 7. 5 volt light on which the animals had 
been trained, while sT was a dimmer light. For M-23 and M-24, 
the intensity of the ST light was 4·4 volts; for M-7 and M-14, 
the sT light intensity was 3.0 volts; and for M-16, the sT in-
tensity was 2.4 volts. The purpose-s of running through this 
procedure were as follows: (a) the demons~ration of normal 
. 
generalization behavior, under behavioral conditions,acknowl-
edged to be appropriate in the literature of experimental psy-
chology,1 using the particular animals, apparatus and training 
methods of the present study; (b) the use of three values of 
the ST light, among the five subjects, in order to ascertain 
whether the generalization data would form a typical gradient; 
{c) habituation of the animals to the apparatus and the work 
routine, or, in Harlow's terms, minimizing the effect of the 
"learning to learn" facto'r; 2 and (d) the establishing of a 
lc. L. Hull, Principles of behavior. New York: Appleton-
Century-Crofts, 1943, PP• 183-203. 
2 H. F. Harlow, The formation of learning sets. Psychol. 
Rev., 1949, 2£: 51-65. 
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baseline for the statistical evaluation of the degree of gen-
eralization shown in the main experiment (inter-electrode gen-
eralization). 
G. Training the SIT and ST Electrodes 
Stimulation to the SD electrode was made into an effective 
sD by the substitution method (taking advantage of the fact 
that the animals were already trained to discriminate with 
light as the SD). The brightness of the sD light was gradu-
ally lowered, while the current of the electrical sD was grad-
~ally raised. This was continued until the, animal was left 
D . 
responding to an S consisting entirely of electrical stimula·-
tion to the cortex. The duration of the stimulus substitution 
procedure varied from one to three daily sessions. Following 
a test of inter-electrode generalization, it was considered a 
necessary control procedure to train the test (ST) electrode 
stimulation as an sD. This guarded against the possibility 
that the animal could not be conditioned with sT stimulation 
D as an S • 
D. Inter-Electrode Generalization (Main Experiment) 
After the two electrodes were implanted, the animals were 
trained with one of the electrodes as the sD. After the be-
havior was broug~t to the discrimination criterion, each ani-
mal underwent a critical session in which sT was the presenta-
tion of a current of the same frequency and intensity by way 
of the other implanted electrode {now activated for the first 
time). The 16 trials on the SD electrode (see above, p. 11) 
provided a baseline frequency score with which the data ob-
tained from the 16 trials on the sT electrode were compared. 
All five animals were given inter-electrode generalization 
tests using a current intensity of 0.30 mA.; in addition, ani-
mals M-23 and M-24 were also tested on a current intensity of 
0.48 mA. (M-23 was tested first on the 0.30 mA. intensity, 
while M-24 was tested first on the 0.48 mA current; see above, 
PP• 8-9.) 
E. A Note on Discarded Animals 
In connection with the use of cerebral stimulation as the 
14 
discriminative stimulus, several rats had to be discarded for 
either of two reasons: (1) a break in the electrode that could 
not be located or else could not be repaired when located; (2) 
seizures, jumping and squealing on the part of the animal ex-
hibited on each of two consecutive experimental sessions. 
Twelve animals were discarded before training on the sD elec-
trode went very far; another rat was run through a critical 
session on inter-electrode generalization when it turned out 
that stimulation by way of the sT electrode led consistently 
to jumping and seizures. Such convulsions were observed to 
{ 
interfere with the acquisition of the discrimination on the 
part of the animal, as several investigators have found. 1 ' 2 '3,4 
1E. M. McGinnies and H. Schlosberg, The effects of elec-
troshock convulsions on double-alternation lever-pressing in 
the white rat. J. exp. Psychol., 1945, 12: 361-373· 
F. Extinction on Each on the' Two Electrodes as a Check for 
Aversive Properties of the Stimulation 
Since the momentary discrimination schedule provided 
that a lever-pressing response in the presence of the sD 
would not only be reinforced by food but would also terminate 
the sD itself, a control procedure was considered necessary 
to rule out the possibility that termination of the cortical 
stimulation was a reinforcing event independently of the de-
livery of food. The ~thholding of food reinforcement when 
the animal responds in the presence of sD, together with the 
continued removal of the cortical sD after such responses, 
was used to test for such a possibility. 
Animals Mu14 and M-16 were given a retraining session 
consisting of two conditioning periods with the sD electrode 
preceding and following, respectively, one retraining period 
. 
using the ST electrode. The following day, three similar 
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periods were presented to the animal, but all food reinforce-
ment was withheld. Animals M-23 and M-24 were subjected to an 
experimental extinction procedure, the criterion for which re-
quired that the animal wait through 15 consecutive 10-sec. 
trials without making a single lever-press in any of the 15 
2c. P. Duncan, The effect of electroshock convulsions 
on the maze habit in the white rat. J. exp. Psychol., 1945, 
Ji: 267-278. 
3c. P. Duncan, The retroactive effect of electroshock 
on learning. J. comp. physiol. Psychol., 1949, ~: 32-44· 
4Mayer, Unpublished doctor's dissertation. Boston Uni-
versity, 1955· 
trials. The extinction procedures with the latter two ani-
mals served not only the purpose of determining whether the 
termination of the cortical stimulus was by itself capable 
of reinforcing lever-pressing behavior; it was also the object 
of this treatment to reduce the conditioned strength of the 
first current intensity (0.48 rnA. in the case of M-24) -- fol-
lowing the first inter-electrode generalization test -- before 
initiating conditioning with the second (0.30 rnA.) intensity. 
Thus the test of inter-electrode generalization with the sec-
ond current intensity was not contaminated by intensity gen-
eralization factors associated with the sD electrode stimula-
tion. 
G. Cortical Stimulation Intensity Generalization Using One 
Electrode 
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Animals M-14 and M-16 were run in critical sessions dur-
ing which the sD was 0.30 rnA. stimulation through one el.ectrode 
and the sT was either 0.20 or 0.21 rnA. current by way of the 
same electrode. This procedure was intended to disclose 
whether the animals would demonstrate a gradient of generaliza-
tion with respect to stim~lus intensity when the stimulation 
was directed to the cerebral cortex instead of to a sense 
organ. 
. . 
H. Electrode Intensity Threshold Functions Obtained byDPro-
gressively Lowering the Intensity of the Cortical S 
Data for the present analysis were collected from M-14 
and M-16. Each of three intensities {0.30 mA., 0.21 mA., and 
0.15 mA.) were used as SD for each of three 20-min. periods, 
with the order of presentation going from 0.30 to 0.15 rnA. 
This procedure was intended to demonstrate· how animals con-
ditioned to a cortical sD behave when the sD intensity is so 
low that the sD can barely be discriminated from sA, which 
is the absence of the sD. 
II. Conditioning Apparatus 
Each animal was placed in a soundproof box measuring 17 
in. long, 15 in. wide and 19 in. high. The back wall did not 
reach the ceiling. Mounted in the wall of the box behind the 
back partition of the animal's working space was a fan, the 
noise of which helped mask outside sounds. The door to the 
room in which the box stood was kept shut during the experi-
mental session. In an adjacent room was the control and re-
cording equipment. sD and sA responses were totalled on sep-
arate automatic counters and a cumulative record was taken, on 
a steadily moving paper strip, of all responses. A chrono-
scope automatically took the cumulative latency of responses 
to sD. During critical sessions, the counters and the chDono-
scope were reset by hand so that trial by trial data could be 
taken. 
The animal was required to manipulate a lever that pro-
truded into the box. Food pellets, set in an Anger rotary 
feeder, were dropped through a copper pipe that protruded into 
the box over a food cup of 1 in. diameter. 45 mg. P. J. Noyes 
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food pellets were used. 
To control against random reinforcement by crumbs falling 
to the floor of the box, a mesh was placed on the food cup 
part of the floor; between the mesh and the back partition, a 
platform was inserted to keep the floor level. A ci~cular 
wire-screen mesh was bolted above the bottom of the food cup, 
also to prevent random reinforcement by food crumbs. 
A. 6-volt bulb was placed in the front (food cup side) 
wall near the angle with the right hand wall. This bulb was 
used to provide pre~operative light stimulation to the animal. 
A hole in the roof of the box allowed a cable {connecting 
the implanted electrodes to the stimulator) to be drawn into 
the box and plugged into a socket which was harnessed to the 
animal. The cable was under continuous upward tension suffi-
cient to keep it taut and out of the animal's' reach. 
III. Electrical Stimulation 
Light, electrical stimulation to the cortex, or a com-
pound of light and electrical stimulation {used in the early 
stages of the stimul~s substitution of cortical stimulation 
for optic stimulation) were used as the sD during particular 
. D phases of the research; absence .of any of these S 's served 
& as the S • Except in the initial phases of trai~ing with 
light as the sD, an sD trial never lasted over 10 sec., due 
to the limited hold arrangement described above {page 8). 
The stimulator is a 12-volt step-down transformer in 
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series with the 115-volt, 60 c./sec. mains supply. In series 
with one lead from the transformer is an electrode selector 
switch, which closes either of two circuits. One circuit in-
eludes one of the implanted electrodes, while the second cir-
cuit includes the other electrode. The first component of 
each circuit is a 20,000-ohm maximum, variable resistor which 
regulates the v,oltage output from the stimulator. Each of 
these two circuits in turn includes a selector switch. The 
latter switch either leaves the animal electrode in the closed 
circuit or substitutes for the animal electrode a variable 
resistor (a so-called "dummy animal"). Each of these four 
circuits (through the two real and the two dummy electrodes) 
come together at a co1nmon refer~nce point, which is in series 
with a 1,000-ohm resistor. This resistor is connected to 
ground. Across this resistor are two leads, to the input and 
ground posts, respectively, of a Dumont Type 264-B voltage 
calibrator. The voltage ~alibrator is in turn connected to 
the input and ground posts of a Dumont Type 208-B cathode-ray 
oscilloscope; when·one of the four circuits is in use, the 
calibrator is switched off and serves as a length of wire to 
the oscilloscope. The use of the voltage calibrator will be 
' 
specified below. The circuit is completed by grounding the 
other lead from the 12•volt stimulating transformer. The 
stimulator circuit is illustrated in a combination circuit 
and block diagram (Fig. 1). 
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Output volts £rom the stimulator are read of£ a volt-
meter as root mean square voltages. The voltmeter is in par• 
allel with the circuit, connected from the output end of the 
stimulator's voltage potentiometer to ground. Stimulator 
voltages required to maintain a given current in the prepara-
tion vary with the resistance of the preparation; circuit 
voltage (across the l,OOO~ohm resistor) is fed to the oscillo-
scope. This voltage is switched off and a matching voltage 
is fed to the oscilloscope from the voltage calibrator; the 
necessary dial settings on the calibrator provide a reading 
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of current voltage, which, divided by 1,000 ohms, equals the 
current in milliamperes through the electrode. The effective 
impedance of each animal electrode is r~ad indirectly by the 
use of a dummy animal variable resistor. Current through the 
dummy animal is matched on the oscilloscope with current through 
the real electrode; the matching is done by varying only the 
dummy animal while stimulator voltage is held constant. The 
·resistance of the dummy animal is then measured with an ohm-
meter. This is the effective impedance of the real electrode. 
Such use of a variable resistor as a dummy animal for measure-
ment purposes has been described by Lilly; Austin and Cham-
bers.1 
~J. c. Lilly, G. M. Austin and W. W. Chambers, Threshold 
movements produced by excitation of cerebral cortex and ef-
ferent fibers with some parametric regions of rectangular cur-
rent pulses (cats and monkeys). J. Neurophysiol., 1952, ]2: 
319-341· 
IV. Preparation of Electrodes 
Electrodes were prepared according to Mayer's technic. 2 
The conducting (stigmatic) lead is a 7-in. length of size 
5-0 Surgalloy metallic suture, a material useful for its 
flexibility. This lead is drawn into a 5-in. tube of size 
PE 10 polyethylene tubing, in such a way that the tubing-wire 
junction always rests in a bubble of transparent acrylic spray 
(Krylon) that has been made to appear at the spout of a spray 
can of Krylon. 
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Either tip of the stigmatic lead has been tinned with 
solder before the lead is inserted into the polyethylene tub-
ing. The end to be implanted is trimmed to 0.5 mm. protruding 
from the tube. The other (distal) ~nd o£ the lead is left with-
out insulation, until after the surgical implantation. At 
that time, pieces of tubing are applied where needed when 
soldering the distal end of the lead to lugs on the harness 
socket (see below). 
The acrylic, which holds the stigmatic lead in its insu-
lating sheath and serves as extra insulation, is allowed to 
dry. Before surgery, the electrode, like the surgical tools, 
is kept in a bath of Zephiran chloride (dilute solution) as a 
sanitary precaution. 
The electrodes were implanted 1 mm. apart. Prof. J. M. 
1Mayer, Unpublished doctor's dissertation, Boston Uni-
versity, 1955· 
Har~ison has devised a twin electrode assembly for this type 
of operation. A 3-mm. sleeve of wide-bore (size PE 160) poly-
ethylene tubing is placed over the implantation ends of two 
individual Mayer electrodes. The tips of the electrodes are 
aligned with one another and the polyethylene sleeve is passed 
over them so that the sleeve's implantation (proximal) end is 
2.5 mm. from the proximal tips of the two electrodes. The 
sleeve is secured in position with Krylon spray. 
On~y one of the electrodes implanted in a given animal 
need be provided with a ground lead. Either end of an 8-in. 
length of size 5-0 Surgalloy is tinned with solder. This wire 
is then spirally wound around a single electrode. 
V. Implanting the Electrodes 
The rat is anesthetized with Nembusen at a dosage of 
55 mg./kg. of body-weight, injected intraperitoneally; this 
is followed by an injection, also i.p., of 0.10 cc. of atro-
pine. 
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The top of the head is shaved. A long midline incision 
is made from the forehead to the occipital ridge. Tissues are 
scraped toward the temporal ridge on either side of the skull 
until a field of bare skull is exposed. 
The sagittal and parieto-occipital sutures are outlined 
in pencil. A parasagittal line is drawn 2 mm. lateral to the 
sagittal suture. From the intersection of this line with the 
parieto-occipital suture, a point 2mm. rostral to the latter 
suture is located on the line. This point indicates the site 
of implantation for the- electrodes. 
A hole is drilled in the skull at the implantation site 
with a size 63 twist drill set in a hand chuck. Rostral to 
the implant hole, two other holes are drilled in the skull 
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with a larger (size 50) twist drill, so that the three holes 
form a triangle with each side 1 mm. long. For twin electrodes, 
only one pair of holes is drilled rostral to the two implant 
holes; the larger rostral holes are 2 mm. apart in this case. 
A hypodermic needle is passed through each implant hole 
in order to pierce the dura mater. The larger, more rostral 
two holes are not given this treatment. 
For a single electrode, a 3 mm. sleeve of polyethylene 
tubing is placed over the implant end of the electrode, leav-
ing only enough elect~ode free for bending downward into the 
implant hole. {Twin electrodes are already provided with such 
a sleeve.) The bore of the polyethylene sleever for a single 
electrode is PE 60 for an electrode without a ground lead 
spiralled around it dr PE 90 for an electrode wrapped with a 
ground lead. 
2.5 mm. of the electrode, including the 0.5 mm. uninsu-
lated, solder-tinned tip, are bent downwards into the implant 
hole in the skull, after the dura mater is pierced. The 
ground lead does not enter the hole. 
K length of Surgalloy tinned on either end is passed 
into one of the two large rostral holes and out the other. 
This wire is then tied firmly over the 3 mm. polyethylene 
sleeve. This tie-down wire plus the skull forms a bracket, 
keeping the electrode firmly in place. 
25 
The implanted electrodes are run rostrally over the skull; 
the electrodes will then fall rostrally when tied down. Justi 
research grade methyl methacrylate plastic cement (a freshly 
mixed batch of liquid monomer and powder polymer) is poured 
around the implantation site and given about 20 min. to harden. 
(This cement is obtainable from H. D. Justi and Sons, Phila-
delphia, Pa.) At about 18 mm. forward of the implant site, 
the skull narrows. Here the electrodes are bent back in a 
U-turn. Over this forward bend of the electrodes, a second 
mound of Justi cement is poured and left to harden. Care must 
be taken to prevent any cut tissue from remaining under a 
mound of cement; the tissue might grow back between the skull 
and the mound, prying off the mound. On the contrary, after 
the second mound hardens on bare skull, allowing the tissues 
to grow back ~ the mound will result in the tissues helping 
to hold down the implanted electrodes. 
The trailing ends of the implanted electrodes are tied to 
a strong sterilized thread which is passed through the eye of 
a large sterile needle. The needle is used to draw the trail-
ing ends of the electrodes through the skin of the lower neck. 
This done, the needle and thread are removed from the electrodes. 
A small dab of sulfanilamide powder is applied to the 
operated field and to the neck wound. The scalp incision 
is closed with size 11 Michel wound clips. Myciguent anti-
biotic salve is applied to the closed incision. 0.10 cc. or 
procaine penicillin is injected in each hind leg. 
VI. Harness, Socket, Cable and Plug 
After surgery, while still anesthetized, the animal is 
fitted into a harness. The same harness could be used over 
again, for several animals; for every animal fitted, the 
straps were fastened together with wound clips. 
A harness consists of four leather straps. One strap 
goes under the armpits of the forelimbs. A second strap fits 
above the forelimbs. The two straps are connected by a cross-
strap running across the animal's chest, sagitally, and by a 
l-in. wide cross-piece running across the animal's back. On 
this wider cross-piece is bolted an 8-hole miniature tube 
socket. 
The free ends of the two stigmatic, and one ground, leads 
are each soldered to specified lugs of the socket. Through 
the other lugs are passed lengths of Surgalloy which tie the 
electrodes in place. Needed insulation is supplied by extra 
lengths of polyethylene tubing. 
The cable from the stimulator is connected to a plug 
fashioned from an 8-prong miniature tube. This plug fits 
the socket on the animal's harness, so that the animal's 
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cortex can now be stimulated. 
VII. Post-operative Care of the Animals 
The operated animal is left in a warm (80° F.) area to 
recover. Antibiotics are provided as a routine and kept up 
if this appears n~cessary. Procaine penicillin or strepto-
mycin-penicillin combiotic is given intramuscularly; terra-
mycin powder is given orally; and myciguent is applied top-
ically to superficial infections. 
VIII. Subjects 
The subjects in the present research were eight male 
albino rats of the Charles River strain. Four of the rats 
(M-14, M-16, M-23 and M-24) provided data for the main ex-
periment {inter-electrode generalization of a cortical sD 
presented on a momentary discrimination schedule; one rat 
yielded some additional information on sD and S~ properties 
of the cortical stimulation with an alternating discrimina-
tion schedule (animal M-1, described in Appendix C); one rat 
provided inter-electrode generalization data for electrodes 
implanted bilaterally, not unilaterally (rat M-7, described 
in Appendix B); and two rats were pilot animals for the main 
experiment (rats M-5 and M-6, described in Appendix D). 
The animals were put on a feeding schedule which kept 
their body weights at 80% of the weights resulting from ad 
libitum £eeding. Each animal received 8 to 10 grams of Purina 
Laboratory Chow checkers immediately after his work session. 
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IX. Histological Procedures 
The experimental animals were sacrificed by asphyxia-
tion; the rats were quickly drained of blood as soon as 
breathing ceased. The skull of each carcass was chipped 
away and the brain was then removed. During removal, the 
brain was kept moist. Once freed, the brain was put in fifty 
times its volume of 95% ethyl alcohol for fixation. The next 
day, the bath was changed to 70% alcohol; the following day, 
the brain entered a second bath of 70% alcohol in which it 
could be stored for a few months. Four brains {those of M-1, 
M-5, M-6 and M-14) were silver-impregnated for fibers by 
Cajal's Method I 1? four others (those of M-7, M-16, M-23 and 
M-24) were Nissl-stained (with thionin blue dye) for cell 
bodies. 2 The brains were sectioned by microtoming into cross-
sections each 16 micra in thickness. In the case of M-1, 
every section was retained; for the other animals only every 
other section was kept. About eight cross-sections were 
mounted on one glass slide.3 A series of slides obtained in 
1w. H. F. Addison, Neurological technique, McClung's 
Handbook of microscopical technique for workers in animal and 
plant tissues, ed. R. McClung Jones, 3d ed., New York: Hoeber, 
1950, PP• 365-366. 
2Addison, McClung's handbook, 3d ed., p. 359. 
3The microtoming of the brain sections (and the temporary 
mounting with albumen of the sections onto glass slides) was 
done by Miss Patricia L. Griffin of the Boston University Bi-
ology Research Laboratory. The remaining histological stages 
were done by the author in the Boston University physiological 
psychology laboratory. 
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this manner can be studied under the microscope to check the 
location of electrode placements. 
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CHAPTER III 
RESULTS 
I. Histological Results 
Plates I-VIII are photomicrographs of brain-sections 
(prepared as described above, pp. 26-28) including traces 
of the implanted electrodes. The most informative section 
was selected from each of the eight series of 16 sections. 
The electrode placements in the Nissl-stained brains were 
checked according to the description by Krieg, 1 ' 2 while the 
placements in the silver-impregnated brains were verified 
according to the system of vaz Ferreira.3 
Plate I shows a section through the Nissl•stained brain 
of rat M-24. A pair of holes are to be found in area 17, 
near area 18. The lateral hole represents the site of the 
sD electrode, the medial hole the site of ~he sT electrode. 
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Plate II indicates that the placements for M-23 were in 
the posterior tip of area 17. This brain also is Nissl-stained. 
The lateral hole (site of the SD electrode) extends to layer 
VI of the cortex, while the medial hole goes only to mid-cortex. 
1w. J. S. Krieg, Connections of the cerebral cortex. I. 
The albino rat. A. Topography of the cortical areas. J. comp. 
Neurol., 1946, ~: 221-276. 
2w. J. S. Krieg, Connections of the cerebral cortex. I. 
The albino rat. B. Structure of the cortical areas. J. comp. 
Neurol., 1946, ~: 277-323. 
3A. vaz Ferreira, The cortical areas of the albino rat 
studied by.silver impregnation. J. comp. Neurol., 1951, 22: 
177-244· 
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The oddly-stained area beneath the placement hole represents 
a deep cut made by the needle used to pierce the dura mater. 
Plate III shows the electrode placements for animal M-16. 
The medial hole represents the SD electrode, the lateral hole 
the S~ electrode. The lateral hole was placed in layer V of 
area 17, while the medial hole is in layer VI of area 17; the 
bordering areas of the presubiculum {area 27) and subiculum 
may also have been activated by the electrical stimulation by 
way of the medial electrode. The placements for the above 
three animals were all in the right cerebral hemisphere. 
Plate IV shows-the electrode placements for rat M-14. 
This brain was silver-stained, and the two electrodes were 
implanted in the left cerebral hemisphere. Both holes are in 
caudal area 17, near area 18. The medial hole is also near 
area 29. 
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Plate ~ indicates the placement for the bilateral implant, 
M-7· The left cortex hole is caudal, near the white matter, 
in the presubiculum (are~ 27} and in area 29b. The right hole 
is further caudal, at the junction of three areas -- 29, 49, and 
the presubiculum {area 27); some white matter was also involved 
in this placement. 
Plate VI indicates the placement for animal M-6. The 
electrodes were implanted in the left hemisphere. The lateral 
trace is in the subiculum (area 29) as is the medial hole. 
The two placements seem closer together than in the histologies 
for other unilaterally imp~anted animals. 
Plate VII, for M-5, shows the medial electrode placed in 
the left area 17, while the lateral placement is in area 18a. 
Again the holes are extrem~ly close together. 
Plate VIII shows the trace of the one electrode implanted 
in rat.M-l. It appears situated on the border of areas 17 and 
18 of the left cerebral cortex. 
II. Light Intensity Generalization 
Light intensity generalization data are grouped for the 
five animals M-7, M-14, M-16, M-23 and M-24 and are sho~m in 
Table I and Fig. 2. In both are presented the average cumu-
lative elapsed time, range of cumulative elapsed time, average 
f f t SD d ST, d f requency o response o an to an range o response 
frequency. 
Records of the critical sessions for light intensity gen-
eralization are presented separately for each animal in Tables 
A-I through A-V in Appendix A. Data for the light intensity 
generalization test session of one animal (rat M-16) are pre-
sented in Fig. A-1. The tables indicate the time elapsed in 
the presence of s0 and ST without a response, as well as the 
response frequencies to SD, ST and S~. The figure presents 
the same data, except for the frequency of responding to S~. 
An animal, generalizing from the SD light intensity to 
the ST (dimmer) light intensity, should be expected fa) to 
respond at a lesser frequency to ST than to SD, but (b) to 
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TABLE I. 
- Light intensit~ generalization data for five animals 
SD ST ST ST 
Strength of light 2·2 v. 9:.·!± v. 2·0 v. 2.!:J: v. 
No. of animals 5 2 2 1 
Average cumulative 82.45 88.81 106.18 143.84 
elapsed time sec. sec. sec. sec. 
Range of cumula- 68.05 82.69 74.91* 
tive elapsed to to to 
time 114.35 94.92 137·44 
sec. sec. sec. 
Average response 12.6 11.0 9·5 2.0 
frequency 
Range of response 7-15 11-11 5-14* 
frequency 
*M-7 accidently was given two extra sT trials and responded 
both times; as the latencies were not obtained, these trials 
and responses are not included in the table. 
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respond at a greater frequency to ST than he would to S~. The 
sT response-rate, by carry-over from the sD rate, should be ex-
pected to approach the SD rate. The case for generalization 
would be strengthened by a finding that the frequency of re-
sponding to ST is significantly greater than the frequency 
that would be expected if responses to S~ were made by chance 
during ST trials. 
Fisher's exact probability method1 was applied to the l~ght 
intensity generalization data of animals M-7, M-14, M-16, M-23 
and M-24. The resulting probabilities are listed in Table II. 
ls. Siegel, Non-parametric statistics. New York: McGraw-
Hill, 1956, PP• 96-104. 
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The failure of the response-frequencies (to the two lights) 
to differ significantly indicates that the expected general-
ization was obtained. 
TABLE II. - Responses to the SD light and to the ST (dimmer 
light; the column of probabilities includes the results of 
an analysis of the differences between these two frequency 
scores using Fisher's exact method 
Animal sT light sD' response s'JJ response Probability 
intensit::y: freguency freguency 
M-7 3.0 volts 15 14 not significant 
M-14 3.0 volts 14 5 0.003 
M-16 2.4 volts 7 2 0.057 
M-23 4·4 volts 14 11 0.223 
M-24 4.4 volts 13 11 0.343 
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Table II shows that, in the case of animal M-14, the 
frequency of ST responding was significantly lower than the 
frequency of response to sD. A generalization interpretation 
for the data of this animal can be sustained if it is shown 
that the frequency of responding to sT was significantly 
higher than the number that would be expected from the chance 
occurrence of responses to S~ during sT trials. Such an anal-
ysis was made. Table A-II (of Appendix A) shows that the rate 
of s~ responding was higher during the first 12 min. of the 
critical session than in the final 28 min. of that session. 
To obtain better estimates of response probability during S~ 
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intervals, the critical session was divided into two periods: 
(1) the first 12 min., in which 9 S~ responses were made, and 
(2} the last 28 min., in which 4 S~ responses took place. For 
the first period, the total elapsed time in both sD and sT was 
37.02 sec. Subtracting this from 720 sec. (or 12 min.) gives 
682.98 sec., or the equivalent of 68.30 hypothetical S~ trials. 
Dividing the number of S~ responses (9) by the number of hypo-
thetical s~ trials (68.30), we get 0.132 s~ responses per trial. 
Within the first period there were 5 sT trials. The estimated 
~ 
number of S responses per 5-trial block was 5 x 0.132, or 
0.66; by rounding off, the S~ estimate was taken as 1. The 
actual frequency of sT responses in these 5 trials was 5. By 
Fisher''s exact test, the probability that a frequency of 5 
responses in 5 trials could be obtained from a response-rate 
of 1 response in 5 trials was 0.025, which is statistically 
significant. T We may safely conclude that the 5 S responses 
are ~ stray S~ responses. During the second period, of 2~ 
min. duration, there was no sT response. More rapid extinction 
of sT behavior than of sD behavior is very likely the source 
of the significant difference between the sD and sT response 
frequencies. M~l4's data are all the more con9istent with the 
generalization model, since the animal showed early generaliza-
tion between stimuli which differed enough to sustain discrim-
inative behavior in the middle and later portions of the crit-
ical session. 
Also from Table II, M-16 made very few responses to both 
SD and ST. The number of ST responses, 2, is small enough to 
be due to the S~ rate (even though the animal made only 6 s6 
responses in the entire critical session). However, the dif-
ference between the frequency of responding to ST and to sD 
was ~ significant. If the frequency of responding to SD 
(which was 7) is significantly higher than would be expected 
from the chance occurrence of s6 responses during the 16 sD 
trials, then no doubt should remain as to the data from M-16 
conforming to the generalization model. The analysis by the 
method described above on p. 44 was done and the obtained 
probability (of equality between the response output to S~ 
and response frequency to sD) was less than 0.0001, which is 
statistically significant• 
Thus, for every single animal, the behavior method used 
in the present study has been shown to be capable of picking 
up generalization between stimuli which should be expected to 
generalize on the basis of many experiments that have been 
reportedo (See above, p. 12) 
III. Inter-electrode Generalization 
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Records of the test sessions for inter-electrode general-
ization are presented separately for each animal. The critical 
sessions of rats M-14, M-16, M-23 and M-24 are shown in Tables 
III, IV, V and VI, and in Figs. 3, 4, 5 and 6, respectively. 1 
1Rat M-7 had one electrode implanted in each hemisphere; 
electrode data for this animal are to be found in Appendix B. 
TABLE III.---Data from critical session on inter-electrode 
generalization for rat M-14 
Trial 
s- No. Elapsed Time 
Time 
of. day 
Responses 
Total s"A 
T 1 
D 1 
T 2 
D 2 
$ 3 
D .:53 
T 4 
D 4 
T S 
D S 
D 6 
D 7 
D 8 
T 6 
D 9· 
T 7 
T 8 
D 10 
T 9 
D 11 
D 12 
T 10 
T 1l 
T 12 
T J3 
D l3 
T J.4 
~ ~ 
D 16 
T J5 
-~~·:-,16 
9.84 sec. (No R) 
9.83 (NoR) 
9,83 (NoR) 
3.94 
9.84 (NoR) 
2.88 
9~83 (No R) 
94 86 (No R~ 
9.8S (No R) 
s_.88 
2.99 
3,.29 
7.,00 
9.82 (No R) 
3.oo 
9.83 (No R) 
9.83 (NoR) 
4 .. 13 
9.,82 (No R) 
6.47 
9.83 {No R) 
10.69 (No R) 
9,84 (No R) 
9~83 (No R) 
9.82 (No R) 
9 .. 15 
9,84 (No R) 
9_.8,$' (No R) 
9..,82 (No R) 
9.82 {No R) 
9.83 (No R) 
9~81 (No R) 
2:16 P.M. 
2:19 
2:22 
2:25 
2:28 
2:31 
2:34 
2:37 
2:40 
2:43 
2:46 
2:49 
2:52 
2:55 
·cumulative elapsed 107•74 sec. mean: 6._73 sec. 
2 
4 
2 
2 
1 
1 
2 
2 
1 
0 
2 
1 
time in sD : range: 2.88-9.86 (No R) sec. 
cumalative ela"Qsed J$8.15 sec. mean: 9.88 (No R) sec.-
2 
l3 
3 
2 
3 
0 
0 
0 
1 
2 
0 
0 
2 
1 
time in s~ : range: 9.81(No R)~l0.69 (No R) sec. 
SJ!J. responses: 10. sT responses: zero a s-4 responses: 29 • 
TOTAL responses: 39. Symbol 11No an indicates a trial on which the 
animal failed to respond. 
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TABLE rv.---Data from critical session on inter-electrode 
generalization for rat M-16 
Trial 
s- No. 
Time 
of day 
Responses 
T l 
D l 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T 5 
D 5 
D 6 
D 7 
D 8 
T 6 
D 9 
T 7 
T 8 
D 10 
T 9 
D 11 
D 12 
T 10 
T ll 
T 12. 
T l3 
D ~3 
T J.4 
D J.4 
D J.5 
D 16 
T lS 
T '16 
Elapsed Time 
10.23 Sec. {No R) 
1.80 
10,.17 {No R) 
2.24 
13.77 {No R) 
1.9'1 
·10.17 {No R) 
2 .. 66 
10.24 (No R) 
2.92 
2451 
5.46 
3.3~16 
10.27 (No R) 
L.ll 
10.,16 {No R) 
10.26 {No R) 
2~18 
. 9.91 (NoR) 
10.22 (No R) 
.3.04 
10.16 {No R) 
10.20 (No R) 
10~26 (No R) 
10.92 (No R) 
6,.02 
10~11 {NoR) 
1.73 
2.98 
.3.7.3 
10._08 (NoR) 
10.97 (No R) 
r 
1:29 P.M. 1 
1:32 l 
1:35 2 
1:38 l 
l:lil .3 
1:44 4 
1:47 
1:50 0 
1:53 l 
l=r ~ I 
2:02 0 
2:05 l 
2:08 1 
2:11 2 
2:13 0 
cumulative ela'Qsed .53,.73 sec. mean: 3.36 sec* 
time in sD : range: 1.11-10.22 (No R) sec. 
cumulative ela~sed 167.94 sec. mean: 10.50 (NoR) sec. 
0 
0 
l 
0 
2 
l 
0 
0 
0 
5 
7 
0 
0 
0 
0 
0 
time in sT : range: 9.97 (No R)-13.77 (NoR) sec. 
sD responses: 15 • s'X responses: zero. s4 responses: 16. 
TOTAL responses: 31. Symbol nNo R" indicates a trial on which the 
animal failed to responde 
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TABIE v.---Data from critical session on inter-electrode 
generalization for rat M-23 (0.30 mA. current intensiBf) 
Trial 
S... No,. Elapsed Time 
~ime 
of day 
Responses 4; . 
Total S 
T 1 
D 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D h 
T S 
D 5 
D 6 
D 7 
D 8 
T 6 
D 9 
T 7 
~ 8 
D 10 
T 9 
D 11 
D 12 
T 10 
T 11 
T 12 
T 13 
D 1.3 
T 14 
D 14 
D J5 
D 16 
T l5 
T 16 
10.76 sec. (NoR} 
2.35 
l0c76 (NoR) 
3.92 
10,76 (No R) 
3-.40 
10.77 (No R) 
3.91 
10,15 (No R) 
10.75 (No R) 
4.38 
10.75 (NoR) 
10.75 (No R) 
10.75 (No R) 
10"75 (NoR) 
10.-74 (NoR) 
10.75 (NoR) 
10.75 (No R) 
10.76 (NoR) 
1.70 
4.26 
10.71 (NoR) 
10.73 (No R) 
10.71 (NoR) 
10.71 (No R) 
10.70 (No R) 
10.72 (No R) 
10.70 (NoR) 
3.93 
10,;69 (No R) 
10.69 (No R) 
10.73 (NoR) 
1:30 P.l1. 
1:33 
1:36 
1:39 
1:42 
1:45 
1:48 
1:$1 
1:5l.i 
1:57 
2:00 
2:03 
2:06 
2:09 
2:11 
cumulative elapsed 113.69 sec. mean: 7 .ll sec., 
l 0 
4 3 
l 0 
1 0 
2 l 
0 0 
0 0 
1 1 
1 0 
l 0 
0 0 
0 0 
0 0 
1 0 
0 0 
time in sD : range: 1. 70-10.75 (No R) sec. 
cumulative elapsed 171.80 sec. mean: 10.74 (NoR) sec. 
time in sT : range: 10.69 (No R)-10.77 ~No Rl sec. 
~ responses: 8. sT responses: zero, SA-responses: 5. 
TOTAL responses: 13. Symbol nNo R" indicates a trial on which the 
animal failed to respond• 
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TABLE VI.---Data from critical session on inter-electrode 
generalization for rat }~24 (0.30 mA. current intensity; no 
reinforcement of S~ responses) 
Trial 
S... No. 
Time 
of day 
Responses n 
Total S, 
T 1 
D 1 
T 2 
D ~ 
T 3 
D 3 
T 4 
D 4 
~ ~ 
D 6 
D 7 
• D 8 
T 6 
D 9 
T 7 
T 8 
D 10 
T 9 
D .ll 
D 12 
T 10 
T 11 
T 12 
T l3 
D JJ 
T l4 
D lh 
n· 15 
p 16 
T 15 
T 19· 
10.60 sec. (No R) 
2,.06 
l0,.6o (No R) 
4.65 
10i58 (No R) 
1.89 
10.59 (No R) 
2.,70 
10 • .58 (NoR) 
3.01 
1:4 .. 74 
10~58 (No R) 
10.57 (No R) 
10.,.57 (No R) 
10,.6o (No R) 
10.58 (No R) 
10,58 (No R) 
10.58 (No R) 
10,._58 (No R) 
10,58 (No R) 
10,55 (No R) 
10.57 (No R) 
10.57 (NoR) 
10.54 (NoR) 
10.55 (No R) 
10,.57 (No R) 
10.50 (No R) 
10~,.55 (NoR) 
3.86 
3(1167 
10.54 (No R) 
10.53 (No R) 
12:04 P.M. 
12:07 
12:10 
12:13 
12:16 
12:19 
12:22 
12:25 
12:28 
12:31 
12:34 
12:37 
12:40 
12:43 
12:46 
3 2 
3 2 
1 0 
2 ~ 
2 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 0 
0 0 
cumulative elaRsed ~.16 sec. mean: 6.95 sec. 
time in SU : range: l.89-10.6o (No R) sec. 
cumulative elapsed 169.06 sec. mean: 10.57 (No R) sec. 
time in sT : range: 10:50 (No R}-10.60 (No R) sec. 
sD responses: 8. sT responses: zero.. sA responses: 5. 
TOTAL responses: 13. Symbol ''No R" indicates a trial on which the 
animal failed to responde 
~ . 
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These four unilaterally implanted rats did not make even one 
response to the test electrode when the current intensity was 
0.30 rnA. Tables III through VI (in addition to elapsed time 
and frequency data for SD and ST trials) provide information 
as to the frequency of S~ response during each consecutive 
three-minute interval within the test session. 
Inter-electrode generalization data are grouped £or the 
four animals and are presented in Table VII. The data are 
for a current intensity of 0.30 mA~ No responses during any 
critical session tabulated in Table VII were reinforced. 
TABLE VII. - Inter-electrode generalization data 
for the four unilaterally implanted animals M-14, 
M-16, M-23 and M-24 
Electrode sD sT 
Ave. cumulative 
elapsed time 
Range of 
cumulative 
elapsed time 
Ave. response 
frequency 
Range of 
response 
frequency 
96.58 
sec. 
53-73 
to 
113.69 
10.75 
8 to 15 
166.74 
sec. 
sec. 158.15 
to 
sec. 171.80 
o.oo 
0 to 0 
sec. 
sec; 
Each of the four unilaterally implanted rats (M-14, M-
16, M-23 and M-24) underwent the same four conditions, as 
follows: two of the conditions were the sD and sT series of 
trials in the light intensity generalization session and the 
other two treatmen~s were the sD and ST blocks of trials 
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during the test of generalization between electrodes. Since 
each anim~l underwent all four conditions, the data are suit-
able for statistical analysis by means of Friedman's two-way 
' 1 
analysis of variance by ranks. Table VIII presents the re-
sults of this analysis, by the Friedman ·test, of the four 
' 
animals under the four conditions. Having set = 0.05, we 
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find that the probability that the tabled distribution of ranks 
occurred by chance is so low that the null hypoth~sis can be 
rejected. Thus, the differences amon~ the four stimuli are 
most likely responsible for the data~· 
Table VIII. -Comparison of ranked frequency.Gf response 
data for the four stimuli involved in·the critical sess-
ions on light ~ntensity and inter-electrode generaliza-
tion (using 0.30 rnA •. current) with no.r~inforcement of 
y\'" . '!t ~ anv response ,. , .. , ·,N., ;. 
Block of trials. Jstimulus J , 
Subject sT (light) ST {0.30 rnA.), :,sn (light) r D ·S (0.30 rnA.) 
Score Rank Score Rank Score Rank Score Rank 
M~14 5 2 0 1 14 4 ..., 10 3 
. 
M-16 2 2 0 1 7 3 15 4 
' 
M-23 11 3 0 1 ' 14 4 8 2 
M.-24 11 3 0 1 13 4 8 2 
\, 
Sum of :qanks 10 4 15 11 
: 
Friedman's test ~ = 9.3, with df = 3· P = 0.012. 
Since rankings on elapsed time data are inverse to the fre-
quency ranks in this table, the present analysis holds for 
either dependent variable. 
1s. Siegel, PP• 166-172. 
Since significant results were obtained in the analysis 
of all the stimulus conditions, the statistical comparison 
of each pair of conditions is necessary, in order to find 
which pair of stimuli have generated the overall significant 
difference. 
The frequency of responding to the sD and the sT light 
have been compared, by means of Fisher's exact method. (See 
Table II.) There remains the analysis of the difference be-
tween the cortical sD and the cortical ST; this analysis is 
of major concern for the present research. Tables IXa, IXb, 
IX.c and IXd present the Fisher's exact tests for M-14, M-16, 
M-23 and M-24, respectively. Each of the four animals shows 
a significant difference between frequency of response to sD 
and frequency of response to sT. 
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In addition to animals M-14, M-16, M-23 and M-24, tw~ 
pilot animals, M-5 and M-6, were run. Experimental conditions 
for these animals differed so much from those for the four al-
ready discussed that the pilot animal's data cannot be directly 
compared with that of the other animals. (See Appendix D for 
further details on rats M-5 and M-6.} These two animals' 
behavior indicated, however, that the use of cortical SD's 
and ST's of 0.48 rnA. current intensity (instead of 0.30 mA.) 
might reveal'some inter-electrode generalization. Animals 
M-23 and M-24, in addition to contributing data to the inter-
electrode (0.30 mA.} generalization experiment, were used in 
TABLE IX. - Frequency data on inter-electrode general-
ization {0.30 mA.; no test session response reinforced). 
Probabilities were computed with Fisher's exact method. 
Table IXa. - Rat M-1~ Table IXb. - Rat M-16 
No R R sum No R R sum 
sT 16 0 16 sT 16 0 16 
sD 6 10 16 sD 1 15 16 
sum 22 10 32 sum 17 15 32 
p 0.001 p 0.001 
Table IXc. - Rat M-22 Table IXd. - Rat M-2~ 
No R R sum No R R sum 
ST 16 0 16 sT 16 0 16 
sD 8 8 16 sD 8 8 16 
sum 24 8 32 sum 24 8 32 
p = 0.012 p = 0.012 
procedures aimed at determining whether (a) reinforcing sD 
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responses during a critical session on 0.30 mA. inter-electrode 
generalization would lead to the appearance of some sT activ-
ity, and (b) presenting cortical SD's and ST's of .48 rnA. --
D . 
with no reinforcement of S response -- would result in the 
production of some ST responses. 
M-23 was first trained to a criterion of 150 or less 
total responses £or three daily preferred hours in a-row on 
0.30 mA., then given a test session as usual (see Table V and 
Figure 5, above). After the test session, M-23 was extinguished 
to a criterion of 15 consecutive sD trials without a single 
response, on the 0.30 mA. intensity, through the sD electrode 
only. The animal was then retrained, from zero rnA. up, to 
an sD intensity of 0.48 mA. through the same sD eleQtrode. 
M-23 was trained to criterion on the 0.48 rnA. intensity, then 
given another inter-elecurode generalization test session; 
trials on the SD and on the ST electrode were with the 0.48 
mA. current. Not until the session was over was there any 
training of M-23's ST electrode; the S~ electrode was then 
conditioned as an sD with an intensity of 0.48 rnA. rM-24 was 
given "Similar treatment except that this animal started at 
0.48 mA. and was given his second inter-electrode generaliza-
tion test under the 0.30 mA. condition. Rollowing this sec-
ond test, M-24 was given one hour in his home cage without 
£ood. Then the animal underwent a typical 40-min. warm-up 
session followed by another 0.30 rnA. inter-electrode general-
ization test; this time, each sD response was reinforced. 
The results from this investigation of the effectiveness 
of the parameters of sD response reinforcement and of the in-
tensity of cortical stimulation are presented in Table X. The 
raw data for the 0.48 rnA. test sessions of M-23 and M-24 and 
the reinforcement test session of M-24 are presented in Tables 
XI, XII and XIII and in Figs. 7, 8 and 9. 
Table X shows that sT responses were made with the 0.48 
mA. intensity during critical sessions on inter-electrode 
generalization. Although the sT response frequency for rat 
TABLE X. - Response frequencies from inter-electrode general-
alization test sessions of M-23 and M-24 in evaluation of the 
role of test session reinforcement of responding to sD and 
that of sD-sT intensity as parameters of generalization 
R 0.30 rnA. Order 0.48 rnA. Order 
Animal S D T of D T of Score 
Condition S S testing S S testing 
M-23 Not given 8 0 
50% O% 
M-24 Not given 8 0 
M~24 Given 
50% o% 
15 0 
94% O% 
1 
2 
3 
12 3 
75% 19% 
15 1 
94% 6% 
2 
1 
Respons.e 
.frequency 
Percentage 
of 16 
trials 
Response 
frequency 
Percentage 
of 16 
trials 
Symbol nsRn represents the 
reinforcement of respond-
ing with food pellets. 
M-24 was only 1 in 16, the fact that this response occurred 
on the very first trial {see Table XII) has special signif-
icance; generalization responses to a test stimulus made on 
the first trial occur before any sD or sT responses have been 
subjected to experimental extinction. It must be noted that 
an alternative interpretation of this response is that it 
was a "stray" sl:::. response. Another difficulty with the gen-
eration interpretation is that each of the two animals made 
more responses to sD at the 0.48 rnA. current stimulation than 
he did at the 0.30 rnA. current intensity; this difficulty is 
not opposed to the idea that the data fit a generalization 
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TABLE XI.---Data from critical ~ession on inter-electrode 
generalization for rat M-23 (0.48 mA. current intensity) 
Trial 
S... No. 
Time 
of day 
Responses 
Total sA 
T 1 
;o 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T 5 
D 5 
D 6 
D 7 
D 8 
T 6 
D 9 
T 7 
T 8 
D 10 
T 9 
D ll 
D 12 
T 10 
T ll 
T 12 
T 1.3 
D 13 
T l4 
D 14 
D J5 
D 16 
T J5 
T 16 
.Elapsed time 
10.88 sec. (No R) 
1.63 
10.90 .(No R) 
10-.87 (No R) 
8.92 
2.52 
4.41 
3.06 
5.-84 
2.91 
4.31 
10.88 (No R) 
4.04 
10.87 (No R) 
2.50 
10.85 (No R) 
10.88 (No R) 
2.87 
10.84 (No R) 
2.95 
3.27 
10.83 (No R) 
10.82 (No R) 
10.82 (No R) 
10.80 (No R) 
10.86 (No R) 
10.80 (No R) 
10.80 (No R) 
2.51 
3.20 
10~80 (No R) 
10.82 (No R) 
2:06 P.M. 
2:09 
2:12 
2:15 
2:18 
2:21 
2:24 
2:27 
2:JO 
2:33 
2:36 
2:39 
2:42 
2:Ii5 
2:48 
79.18 sec. mean: 4.95 sec. 
2 1 
2 1 
1 0 
4 1 
6 4 
3 2 
1 0 
0 0 
1 0 
2 0 
0 0 
0 0 
0 0 
3 1 
0 0 
cumulative elapsed 
time in s1J : range: 1.63-10.88 (No R) sec. 
cumulative elansed 16o408 sec. mean: 10.01 sec. 
time in sT : range: 4.41-10.90 (No R) sec, 
sD responses: 12. sT responses: 3., s4 responses: lOo 
TOTAL, responses: 25.- s.Ymbo1 11No R1• indicates a trial on which the 
animal ~ailed to respond. 
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TABLE XII. - Data from critical session on inter-
electrode generalization for rat M-24 (0.48 mA. cur-
rent intensity} 
Trial Time ResEonses 
S- No. Ela£sed time of day Total sZ! 
T 1 4.12 sec. 
D 1 1.61 1:42 P.M. 4 2 T 2 10.51 (No R) 
D 2 1.09 1:45 3 2 T 3· 10.49 (No R) 
D 3 3.83 1:48 1 0 
T 4 10.50 (No R) 
D 4 2.52 1:51 2 1 
T 5 10.52 (No R) 
D 5 2.32 
D 6 5.20 1:54 5 2 
D 7 2.33 
D 8 3·43 T 6 10.50 (No R} 1:57 3 1 
D 9 3·70 
T ~ 10.49 (No R) 2:.00 0 0 T 10.49 (No R) 
D 10 3·43 2:0~ 1 0 T 9 10.50 (No R) 2:0 3 2 
D 11 4.60 
D 12 5.31 2:09 2 1· 
T 10 10.48 (No R) 
T 11 10.49 (No R) 2:12 0 0 
T 12 10.50 (No R) 
T 13 10.49 (No R) 
D 13 4·48 2:12 1 0 
T 14 10.48 (No R) 
D 14 5.81 2:18 2 0 
D 15 5·53 
D 16 10.48 (No R) 2:.21 0 0 
T 15 10.51 (No R} 
T 16 lO.!z.Z {No R) 2:22 0 0 
cumulative elapsed 65.67 sec. mean: 4.10 sec. 
time in sD: Range: 1.09-10.48 (No 
R) sec. 
cumulative elapsTd 161.54 sec. mean: 10.10 sen. 
time in S : range: 4.12-10.52 (NO 
R) sec. 
sD responses: 15. sT responses: 1. s6 responses: 11. 
TOTAL responses: 27. Symbol "NoR" indicates a trial 
on which the animal failed to respond. 
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TABLE XIII. - Data from critical session oJ inter-
electrode generalization for rat M-24 (0.30 mA. cur-
rent intensity; each response to'sD reinfotced by a 
food pellet) 
Trial / Time Responsesn 
S- No. Elapsed time of day Total S 
T 1 
D 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T "'5 
~ g 
~ ~ 
T 6 
D 9 
~ ~ 
D 10 
T 9 
D 11 
D 12 
T 10 
T 11 
T 12 
T 13 
D '13 
T 14 
D 14 
D 15 
D 16 
T 15· 
T 16' 
10.49 sec. (No R) 
1.83 
10.64. (No R) 
3-96\.. 
10.49 (No R) 
2.97 
10·.47 (No R) 
2.92 
10.49 (No R) 
3.09 
2.72 
1.90 
2.52 
10.45 (No R) 
16:~ (No R) 
1 10.46 (No .R) 
2.23 . 
10.47 (No'R) 
J.67 
10.44 (No R) 
10.46 (No R) 
10.44 (No R) 
10-.43 (No R) 
10.42 (No R) 
2.63 
10.45 (No R) 
J.8J 
1.51 
3.06 
10.41 (No R) 
10.40 {No R) 
2:23 P.M. 1 0 
2:26 1 0 
2:29 1 0 
2:32 1 0 
2:35 2 0 
2 0 
2:41 . 1 0 
1 0 
1 0 
0 0 
2:53 0 0 
1 0 
2:59 1 0 
3:02 2 0 
3:04 0 0 
cumulative elapseB 
time in S : 58.89 sec. mean: 
range: 
3.68 sec. 
1.51-10.44 (No R) sec. 
cumulative elapsed mean: 10.46 (No R) 
time in sT: 167.41 sec. sec. 
range: 10.40 (No R)-
10.64 (No R) sec. 
sD responses : 15. sT responses: zero. S~ responses: 
zero. TOTAL r~sponses: 15. Symbol "No R" indicates a 
trial on which the animal failed to r·espond. 
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model, it merely casts doubt on any statement to the effect 
that animals have a greater tendency to generalize 0.48 mA. 
cortical stimuli 'than 0.30 mA. stimuli. M-24 was given a 
second inter-electrode generalization test with 0'. 30 mA. s•tim-
ulation, but now responses to sD during the critical session 
were reinforced. Despite the gain in "strength" (probability) 
of sD responding, the animal still failed to respond even 
T 
once to S ; note, incidentally, that the animal made not even 
a singleS~ response (see Table XIII), indicating that the 
behavior was at that time under complete stimulus control. 
The number of observations in this investigation (which 
suggest that stimulus intensity may be a parameter of the 
generalization of cortical stimuli) is not enough for the 
definite statement of a lawful relationship. These data are 
presented as suggesting the _hypothesis that the extent of the 
generalization from one locus in the visual cortex to another 
ipsilateral locus irt that cortex depends upon the strength 
of the current applied to each locus. 
IV. Data on Training with the sD and ST Electrodes 
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Cumulative elapsed time, total responses, and the fre-
quency of responses to the CS (to the sD or ST electrode, as 
the case may be), as well as total time spent in the apparatus, 
before the discrimination criterion was met, are presented for 
the four unilate~ally implanted animals in Table A-VI of Ap-
pendix A. 
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Vt. Data on the Experimental Extinction of the SD and ST Electrodes 
Rats M-14 and M-16 were subjected to extinction of the 
discrimination on each electrode following the control train-
ing of the sT electrode as an sD of 0.30 mA. current intensity. 
For these two rats, the extinction data were collected in a 
series of three periods, during the first and third of which 
the CS was stimulation via the sD electrode, while in the sec-
ond period the CS was stimulation through the sT electrode. 
This same series of periods was used on the day previous to 
the extinction day, so that data were collected under the 
same conditions as the extinction data (except that CS re-
sponses were reinforced) served as a set of standard measure-
ments with which to compare the extinction data. Table A-VII 
of Appendix A presents the extinction and control data for 
rats M-14 and M-16. 
On the other hand, rats M-23 and M-24 were extinguished 
to a criterion of 15 consecutive sD trials without a single 
response when these animals were switched from one cortical 
current intensity as the SD to another cortical current in-
tensity via the same (SD) electrode. With this extinction 
procedure, there were no control retraining sessions such as 
there wer.e with rats M-14 and M-16. Data for this extinction 
procedure are presented in Table A-VIII of Appendix A. 
Animal M-24 at a later time was extinguished (using the 
15-trial criterion) first on SD, then on ST. The object of 
this was to find if the animal would show savings (with re-
spect to sD) when extinguished on sT. On this occasion, con-
trol data were taken by first giving the animal one hour of 
retraining on sD, then one hour of retraining on sT. Data 
for the extinction-savings procedure are presented in Table 
XIV; the current intensity used with this procedure was 0.30 
mA. 
Table XIV. indicates that there were savings with respect 
to (a) time spent in the Skinner box before the extinction 
criterion was reached; (b) number of unreinforced CS trials 
to reach criterion; and (c) total responses to reach criter-
ion; these savings held despite a correction to equate the 
initially different response strengths to the sD and ST 
electrodes. 
The measurement of transfer· in terms of percentage of 
savings with respect to a dependent variable such as trials 
or response frequency is open to the contaminating effect of 
the "learning to learn" factor discussed by Harlow. 1 If an 
animal encounters two problems {involving the same apparatus, 
behavio~ and reinforcement contingencies) in serial order, he 
should reach the criterion pe~formance level more quickly on 
the second problem than in the first, due to the learning 
set factor. 2 
lHarlow, Psychol. Review, .2.£:· 51-65. 
2Mayer, Unpublished doctor's dissertation. Boston Uni-
versity, 1955. 
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TABLE XIV. - Summary of data Bn measurement of saTings of 
extinction .effects from the S electrode to the S electrode 
of rat M-24 {0.30 rnA. current intensity) 
Training Extinction 
sD. sT sD sT 
Time in box 22 min. 2B min. lbl min. 83 min. 
Cue res:Qonses 20 !!!! 00 21 
Total 
res2onses 60 22 102 6!! 
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Total 
.res:Qonse rate 1.02 RLM 0.21 RLM 0.6!! RLM o.zz RLM 
Cue 
0.25 R/M: res2onse rate 0.82 RLM 0.76 RLM 0.41 RLM 
Percentage of savings on each of five dependent variables 
Time in box 48% 
Cue responses 68% 
Total responses 38% 
Cue response rate 39% 
Total res2onse rate -20% 
Correction factors (percentage of extra pre-training given 
sD over sT) which are to be subtracted from savings 
2ercentages above 
Co~rected savings percentage score on each of five 
de:Qendent variables 
Symbol R/M indicates "responses per minute" of time in the 
box. Savings computed by subtracting the sT score froiTLthe 
corresponding sD score and dividing the result by the sD 
score. The correction factors were computed the same way, 
but with the training scores rather than the extinction 
scores. 
VI. Intensity Generalization of Cortical Stimulation Using 
One Electrode 
Animals M-14 and M-16 were run in critical sessions which 
aimed at demonstrating generalization behavior with respect 
to cortical stimulation intensity (see above, PP• 13-15). A 
test session on this was nun £or each electrode; the results 
for these four test sessions are presented in Table XV. Fre• 
quency and latency data for each of these four sessions are 
to be found in Appendix A; see Table·s· A-IX, A-X, A-XI and 
A-XII, as well as Figures A-,2, A-3, A-4 and A-5. In three of 
the four cases, the data fit a generalization model well; in 
the fourth case, the test with M-16's sT electrode, only one 
response was made to the 0.20 mA. ST stimulation intensity 
while 13 responses were made to the sD current strength. The 
intensity generalization data control against the possibility 
that an extra cue, unknown to the experimenter, was consist-
ently accompanying the presentation of stimulation via the sT 
electrode during the inter-electrode generalization test ses-
sions. 
VII. Electrode Intensity Threshold Function Arrived at by 
the Descending Half of the Method of Limits 
The procedure described on page 14 above was used with 
both electrodes of rat M-14 and the sT electrode of rat M-16. 
Data from this investigation are presented in Table XVI. 
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TABLE XV.- Intra-electrode intensity generalization,,on 
each electrode, for rats M-14 and M-16 
Elec- Current intensity 
trode designated by role 
Animal used as in intensity 
CS generalization test 
sD sT co. 20 mA.) 
sD (o. 30 mA. > 
M-14 
sT sD co.3o mA. > 
sT {o. 20 mA. > 
sD co. 3o mA.) 
sT co.21 mA.) 
sD (0.30 mA.) 
sT co.2o mA.) 
Cumulative 
elapsed 
time 
'80.19 sec. 
121.64 sec. 
110.80 sec. 
sec. 
68.26 sec. 
110.13 sec. 
sec. 
115.11 sec. 
Response 
frequency 
15 
6 
10 
13 
10 
13 
1 
Average cumulative elapsed time for sD intensity: 81.04 sec. 
Average cumulative elapsed time for sT intensity: 125.64 sec. 
Average response frequency for sD intensity: 12.25 responses 
in 16 trials. 
Average response frequency forsT intensity:· 6.75 responses 
in 16 trials. 
71 
~L 
TABLE XVI~ : 1 Data on threshold function obtained by the descend-
ing half bf the Method of Limits. Data are from three sTts of 
readings: ; one· for each electrode of rat M-14, and the S elec-
trode of :bat M-16. .Each current intensity through a particular 
electrode-was observed for 20 min. 
; 
Animal and CS M-14 (ST) M-14 (SD) M-16 (ST) 
electrode 
GS intensity 0.30 ft o. 21 0.15 0.30 0.21 0.15 0.30 0.21 
mA. mA. mA. mA. mA. mA. mA. mA. 
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0.15 
mA. 
Cumulativ~ 97·53 165.99 74·90 23.00 41.4o 182.36 39.99 51.01 124.15 
elansed the sec. sec. sec. sec. sec. sec. sec. sec. 
GS 
response 15 16 12 17 19 15 19 17 
freauencv 
Total 
response 17 21 287 41 52 486- 'f 21 20 
freauencv < < 
Average cumulative elapsed time at 0.30 mA: 53.51 ·sec.; range: 
sec.-97.53 sec. ,- . 
Average cumulative 
sec. -65-. 99 sec. 
elapsed time at 0,.21 mA: 52.82 sec·.; range: 
Average cumulative elapsed time at 0.15 rnA: 93.80 .sec.; range: 
sec.-124.15 sec. 
' . . 
Average CS response frequency at 0.30 mA: 17.0; range:15-19. 
Average CS response frequency at 0.21 mA: 17.3; rai'lg.e;~ 1q-19. 
Average CS res;,pbn~e frequency at 0.15 'mA: :J-1.3; range·:: ,7.:15. 
. ). ....... , 
sec. 
7 
30 
~ , 
., .. 
23.00 
41.46 
74·90 
Average total response frequency at 0.30 mA: 26.3; range: 17-41. 
Average total response frequency at 0.21 mA: 31.0; range: 20-52. 
Average total response frequency at 0.15 mA: 267.7; range: 30-486. 
CHAPTER IV 
DISCUSSION OF RESULTS 
The main object of the present research was to obtain 
an unequivocal answer to the question, does conditioned be-
havior generalize from one site in the visual cortex to 
another, ipsilateral, site in that cortex? There was clearly 
no· generalization, as demonstrated by the data of the inter-
electrode generalization test sessions, with the stimulation 
at a current intensity of 0.30 mA. 
As a control to demonstrate that the present combination 
of animals, apparatus and training methods could yield gen-
eralization-like data under the appropriate conditions, each 
animal was trained pre-operatively with a light as the dis-
criminative stimulus and was tested for generalization of the 
behavior to a light of lower brightness than the one employed 
in training. Generalization of the behavior, from the bright 
to the dim light, was obtained in the light intensity general-
ization test sessions. 
To demonstrate that the D.30 mA. current intensity was 
potentially just as~effective a conditioned stimulus via the 
test electrode as it had been via the training electrode, the 
former, after the inter-electrode generalization test, was 
made a conditioned stimulus. This conditioning of the test 
electrode was su~cessful. 
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For a demonstration that no unnoticed negative stimulus 
(acting, e.g., as a conditioned or an external inhibitor) led 
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to the lack of responding to the test electrode during the 
inter-electrode generalization test, and also as an additional 
check on the point that the present technic was sensitive enough 
to detect generalization, each electrode of two of the uni-
laterally implanted animals (plus each electrode of the bi-
laterally implanted animal) was separately used as·the agency 
of an intensity generalization test. In all but one of the 
six test sessions, the data were consistent with the general-
ization model. 
The momentary discrimination schedule ensured that each 
of the animals working on it spent about 97% of the time in 
the presence of s~ (i.e., the absence of cortical stimulation; 
no response was reinforced whileS~ was present). Thus ani-
mals making one-third or more of their total responses in the 
presence of sD were most likely acting in this way due to the 
difference between the absence and the presence of the cortical 
stimulation. This positive feature of the schedule was counter-
balanced by a negative one -- responses in the presence of the 
stimulation not only produced food but also terminated the 
stimulation. Was the latter an event sufficient to reinforce 
the behavior? To check on this, the animals were subjected 
to experimental extinction, with responses now only terminating 
the stimulation. The rate of responding decreased, even meeting 
a strict criterion of extinction (i.e., 15 consecutive trials 
without a response). 
The data £rom animal M-1, run on the alternating dis-
crimination schedule (see Appendix C), controlled against 
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the possibilities la) that the stimulation immediately ex-
ci~~d the animal to the point where the probability of any 
response during an sD trial was incre~sed, or (b) that the 
stimulation, after a delay, inhibited the animal, reducing 
the probability of any response during the S~ periods. Long 
periods of pulsed stimulation were alternated with equally 
long periods of no stimulation £or this animal. Either type 
of period could be used equally well as an sD or an S~, as 
shown by the fact that the animal successfully underwent sev-
eral discrimination reversals. In this respect, the cortical 
stimulation acts as a normal conditioned stimulus. Furthe~) 
other investigators such as Loucks1 and Doty et al. 2 have 
previously published evidence that stimulation of the cerebral 
cortex can act as a normal conditioned stimulus. 
As a demonstration that the stimulation, sufficient for 
conditioning yet insufficient for generalization from one 
cortical site to another, was above threshold, the intensity 
1R. B. Loucks, Studies of neural structures essential 
for learning. II. The conditioning of saliYary and striped 
muscle responses to fara~ization of cortical sensory elements, 
and the action of sleep upon such mechanisms. J. comp. Psychol., 
1938, ~= 315-322. 
2Doty, Rutledge and Larsen, J. Neurophysiol., 12: 401-415. 
of the stimulation was systematically lowered, to determine 
whether the discrimination behavior could be broken down as 
the stimulation was made nearly identical with the lack of 
stimulation. The breakdown did occur, taking one of two 
forms, depending on the individual animal: (a) the animal 
increased his rate of response to S~ {effectively working on 
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a variable interval schedule of reinforcement) thus maintain-
ing the flow of food pellets; or (b) the animal's response 
rate increased only slightly, but he £ailed to respond on two-
thirds of the sD trials, thus losing some of the food pellet·s 
which were obtainable on the basis of the schedule. Type (a) 
results were also obtained from the animal on the alternating 
discrimination schedule when th~ SD and S~ were made nearly 
alike by the lowering of the cortical stimulus intensity. 
As for the question of the accuracy of electrode place-
ment, all four animals run in the main experiment had their 
electrodes implanted in area 17 •- a primary projection area 
for the visual pathway in the rat. 1 The bilaterally implanted 
animal {M-7) and one of the two pilot animals (M-6) had piace-
ments in area 29, referred to by vaz Ferreira as part of the 
cingular-retrosplenial cortex. 2 This cortical matter lies 
ventral to the visual cortex; the cingular cortex cannot be 
lw. H. Waller, Topographical relations of cortical le-
sions to thalamic nuclei in the albino rat. J. comp. Neurol., 
1934, .§Q: 237-269 .• 
2vaz Ferreira, J. comp. Neurol., 22: 177-244~ 
considered part of the isocortex, of which the visual cortex 
is a part. There is evidence that, in the cat, the posterior 
cingul~te region gives an electrical response to photic (or 
,acoustic) stimulation. 1 Finally, pilot animal M-5 had one 
electrode in area 17, and the other in area 18a; 18a can be 
considered a visual projection area in the rat. 2 Animal M-1 
had his one electrode straddling areas 17 and 18, both of 
which are visual projection areas in the rat.3 
From the neurophysiologist's point of view, the present 
experiment illustrates the use of behavior as a tool £or the 
£unctional analysis of the nervous system. The intensity of 
stimulation (at 0.30 mA., even perhaps Q.2l mA.) sufficient 
for use as a discriminative stimulus is definitely below the 
motGr threshold obtained £rom the occipital cortex (around 
1.00 mA.). True, more refined information can be obtaineq 
from evoked cortical potent~als than £rom a behavior technic 
such as the present one, but there is no way of telling when 
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a given set o£ evoked potentials is intense enough to influence 
overt behavior. An improvement of the procedure for the pres-
ent experiment might be the addition of oscillograph record-
ings of evoked potentials from the unused electrode while the 
1F. Roginson and M. A. Lennox, Sensory mechanisms in hi-
pocampus, cingulate gyrus and cerebellum of cat. Fed. Proc., 
1951, 10: 110-lll. 
2n. H. LeMessurier, Auditory and visual areas of the cer-
ebral cortex of the rat. Fed. Proc., 1948, z: 70-7l· 
3LeMessurier, Fed. Proc., z: 70-71. 
other electrode is activated as an sD; thus evoked potential 
data and behavior data might be correlated and made inter-
changeable. 
From the psychologist's point of view, the use of stim-
ulation through chronically implanted electrodes allows in-
strumental behavior to be conditioned to cues which are not 
greatly alter~d by changes in the animal's posture. Peripheral 
stimuli are kept relatively constant only in the case of clas-
sical conditioning experiments, according to Spence. 1 The 
present cortical stimulation technic allows a similar degree 
of precise control of the stimulus in instrumental condition-
ing experiments. Recent experiments have introduced a method 
of nearly perfect control of the reinforcement in instrumental 
behavior. 2'3 This procedure, effective with rodents, consists 
of using as the reinforcing stimulus the presentation of glu-
cose through a syringe implanted in the animal's circulatory 
system. A combination of cortical stimulation as the sD and 
lK. E. Spence, Behavior theory and conditioning. New 
Haven: Yale Univ. Press, 1956, pp. 49, 109. On p. 179, Spence 
states that aversive motivation offers greater control over 
the reinforcement than does appetitive motivation. 
2R. M. Chambers, Effect of intravenous glucose injections 
on learning, general activity, and hunger drive. J. comp. phys-
iol. Psychol., 1956, ~: 558-564. Data cited in this article 
indicate that automatic injection of glucose into the blood-
stream may provide the previously lacking control of reinforce-
ment with appetitive motivation. 
3R. M. Chambers, Some physiological bases for reinforcing 
properties of reward injections. J. comp. physiol. Psychol., 
1955, ~: 565-568. 
automatic glucose injection as a primary reinforcement or sR 
would provide an instrumental conditioning situation with more 
precise control of the relevant factors than has been achieved 
to date. 
The fact (established by the present experiment) that 
stimulation of a particular site on the rat visual cortex 
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does not contaminate, by generalization, the remainder of the 
same projection area underlines the usefulness of the cortical 
stimulation method for experimentation relevant to behavior 
science in general • 
. At this point the contribution of the present study to 
neurophysiology.will be discussed. It sbould be noted that 
anatomists such as Nauta and Bucher1 (for the rat) and Sholl2 
(for the cat) report a vast amount of anatomic interconnections 
among the cells of the visual cerebral cortex. This anatomic 
fact might be expected to imply a great deal of generalization 
of activity among different areas of the visual cortex. In 
fact, such theorists as Lashley, Pavlov, K8hler, and Pitts 
and McCulloch3,4,5 take such generalization for granted; fur-
1Nauta and Bucher, J. camp. Neural., 100: 257-285. 
2n. A. ~Sholl, The organization of the visual cortex in 
the cat, J. Physiol., 1954, 124: 23P-24P. 
3Lashley, Biol. Sympos., 1: 301-322. 
4Lashley, Res. Publ. Ass. nerv. ment. Dis., lQ: 529-547· 
5Pitts and McCulloch, Bull. math. Biophys., 2: 127-147• 
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thermore, all have explicitly assumed a point-to-point projec-
tion of the retinal receptors onto the cortical cell popula-
tion. As a result, they have postulated hypothetical mechan-
isms to account for the alleged fact of cortical generalization. 
Hebb1 has rightly criticized Lashley for postulating a 
cortical stimulus generalization mechanism on the basis of 
' 
data obtained from peripheral stimulation experiments (mainly 
Lashley's own studies, valuable as they are for S-R, "empty 
organism," psychology, on the generalization of pattern dis-
crimination2). Hebb in his turn postulates a special neural 
mechanism, the "phase sequence" of cellular activity, to ac-
count for stimulus generalization. For a crucial test as 
between his own and Lashley's theory, Hebb states two require-
ments: {a) sD and sT must effect mutually exclusive sets of 
cortical cells; (b) connections between the two sets of cells 
should not be allowed to develop as the result of experience.3 
Two of C. E. Mayer'·s animals were blinded shortly after birth, 
thus controlling their visual history. A third rat was blinded 
as an adult.4 Not one of the rats made the response that had 
1Hebb, PP• 39-40. 
2For a review of these experiments, see N. L. Munn, Hand-
book of psychological research on the rat. Boston: Hough~ 
Mifflin, 1950, PP• 143-152. 
3Hebb, P• 45· 
4Mayer, Unpublished doctor's dissertation. Boston Uni-
versity, 1955, PP• 20, 21, 32. 
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been conditioned to the sD electrode when the contralateral 
test electrode was stimulated during the critical session. 
Of his five sighted animals, Mayer noted that two rats made 
two responses in five ST trials. The present study adds four 
sighted animals who each failed to respond even once in 16 
sT trials. (Very likely, these animals were stimulated with 
a much weaker current than Mayer used; see nmotor threshold" 
above, p. 77.) Taken together, the two experiments cast doubt 
on the existence of Hebb's hypothetical cortical entities such 
as "phase sequences" and "cell assemblies." 
Considering Mayer's animals and.the bilateral implant 
used in the present research, we state that there is very 
little generalization of the electrical stimulation of one 
cortical locus to like excitation of an almost symmetrically 
placed site in the contralateral cortex. This may have one 
or the other of two neurophysiological implications: (1) 
functional connections through the corpus callosum do not 
exist; (2) trans-callosal functional connections exist but 
are highly specific so that they can be located only by thor-
ough search. The former possibility is inconsistent with the 
behavior data obtained by Myers1 and by a recent study in rep-
lication of Myers. 2 Neurophysiological evidence (oscilloscope 
readings of evoked trans-callosal potentials) for the second 
lMyers, Science, 122: 877• 
2sperry, Stamm and Miner, J. comp. physiol. Psychol., ~: 
529-533· 
possibility has been obtained by Curtis1 ' 2 and by Chang.3,4 
With reference to the bilaterally implanted rat of the present 
study, who showed a 4:11 ratio of sT to sD responses, the 
cingular-retrosplenial cortex (in which this rat's electrodes 
were located) was found by Chang to give an atypical trans-
~ 
callosal response; this suggests that the isocortex functions 
differently from the way in which the limbic system works. 
Both the Curtis and Chang experiments were done on the cat 
rather than on the rodent. 
The present research has bearing on the problem of the 
manner in which retinal elements project functionally upon 
the visual cortex. Thompson, Woolsey and Talbot5 found that 
the rodent has two vis~al areas on the cortex which mirror one 
another when mapped out functionally. Within either area, the 
stimulation of a specific small retinal locus leads to a dis-
tribution of electrical activity on the cortical level, with 
1H., J. Curtis, Intercortical connections of corpus cal-
losum as indicated by evoked potentials. J. Neurophysiol., 
1940, l= 407-413. 
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2H. J. Curtis, An analysis of cortical potentials'mediated 
by the corpus callosum. J. Neurophysiol., 1940, 1: 414-422. 
3H-T. Chang, Cortical response to activity of callosal 
neurons. J. Neurophysiol., 1953, 16: 117-131. ' 
4H-T. Cpang, Interaction of evoked cortical potentials. 
J. Neurophysiol., 1953, 16: 133-144· 
5J. M. Thompson, C. N. Woolsey and S. A. Talbot, Visual 
areas I and II of cerebral cortex of rabbit. J. Neurophysiol., 
1950, 11: 277-288. 
a peak activity a.t one point and a decr.ease in activity cor-
related with spatial distance from the point of peak activity. 
Even on a retinal level, Bartley finds indications that the 
refractory periods of retinal receptors are normally distri-
buted.1 Hartline2 and Kuffler3 report that photic stimulation 
of the center of the receptor field of a given ganglion cell 
results in higher sensitivity on the part of the cell than the 
like stimulation of the periphery of the same field. Further, 
there is overlap between receptor fields of different ganglion 
cells. Walls po~nts out that there are many-to-many inter-
cell connections between the ganglion-cell level and the pars 
dorsalis of the lateral geniculate body, effectively producing 
reciprocal overlap and the multiplication of pathways.4 
The net effect of all these relationships should be to 
insure that a particular light stimulus will excite a fluctu-
ating group of cortical elements._ The present experiment in 
which very little stimulus generalization was obtained appears 
at variance with data from the peripheral stimulation of ana-
tomic loci, from which a definite gradient of generalization 
1Bartley, Biol. Sympos., 1: 87-106. 
2H. K. Hartline, Nerve messages in the fibers of the 
visual pathway. J. opt. Soc. Amer., 1940, lQ: 239-247· 
3s. W. Kuffler, Discharge patterns and functional organ-
ization of mammalian retina. J. Neurophysiol., 1953, 16: 37-68. 
4walls, pp. 15-17. 
is repeatedly obtained. 1 ' 2 This disagreement becomes under-
standable if we assume that a stimulus applied to the body 
surface excites a changing series of samples of cortical 
cells. Theories compatible with this view have been worked 
out by Bartley3 and by Marshall and Talbot.4 Thus theories 
.of cortical function devised by neurophysiologists appear at 
present to have greater survival value than theories based 
upon conceptual nervous systems5 such as those proposed b~ 
behavior scientists or mathematical biophysicists •. 
1G. V. Anrep, The irradiation of conditioned reflexes. 
Proc. roy. Soc., 1923, ~: 404-425. 
2 M. J. Bass and C. L. Hull, The irradiation of a tactile 
conditioned re£lex in man. J. comp. Psychol., 1934, 1z: 47-
65. 
3Bartley, Bio·l .. Sympos., 1= 87-106. 
4Marshall and Talbot, Biol. Sympos., z: 117-164. 
5Skinner, PP• 418-432. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
This study was intended to investigate the extent of the 
generalization of behavior conditioned to the electrical stim-
' 
ulation of a site in the visual cortex, using as the test 
stimulus the like stimulation of a second site in the ipsilat-
eral visual cortex. 
1. The results of the investigation show that cortical 
stimulation sufficient for use as a discriminative stimulus 
led to zero generalization from one site to another. Various 
control procedures were employed to rule out alternative inter-
pretations of the data. As a result it was demonstrated that 
the cortical stimulation acts as a normal conditioned stimulus, 
that the test stimulus (stimulation through the electrode first 
used in the inter-electrode generalization test session) was 
usable as a conditioned stimulus (despite the zero frequency 
of response to it in the test session), that the stimulation 
was incapable of supporting escape behavior (and could not be 
classified as nnoxious" on that basis), and that the technics 
employed in the investigation were capable of detecting general-
ization behavior under the appropriate conditions. 
2. Indications were obtained to the effect that, the 
greater the intensity of the cortical stimulation, the great~r 
will be the animal's tendency to generalize from one si~in 
the visual cortex to another ipsilateral site. 
3. The observations of other investigators, including 
Mayer and Doty, Rutledge and Larson, were substantiated with 
respect to the disturbance of the discrimination conditioning 
as a consequence of current-induced convulsions. 
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4• The point was'made that behavior investigators should 
find it useful to employ a.conditioned stimulus presented 
directly to the brain; such stimulation is independent of pos-
tural adjustments on the part of the animal and has very little 
tendency to generalize. 
5. It was pointed out that neurophysiological investigat~~s 
should find it useful to stimulate the brain at sub-motor-
threshold current intensities, in order to use this stimulation 
as a cue for conditioning the animal's behavior. 
6. The results of the present experiment were considered 
(1) to support theories of statistically distributed refractory 
periods of retinal receptors and a statistical type of retina-
cortical projection (such as the theories of Bartley and of 
Marshall and Talbot); (2) in conjunction with Mayer's data, 
to cast serious doubt on Hebb's hypothetical nphase sequences" 
and "cell assemblies" in the visual cortex; and (3) to under-
mine all theories attempting to explain stimulus equivalence 
at the cortical level, by demonstrating that no problem of 
stimulus equivalence can be said to exist at the visual cortex 
level. 
APPENDIX A. ADDITIONAL DATA FOR RATS M-14, M-16, M-23 AND M~24 
TABLE A-I. - Data from critical session on light in-
tensity generalization for rat M-7; sD light: 7·5 volts; 
sT light: 3.0 volts 
Trial 
S- No. Elapsed time 
T 1 1.77 sec. 
D 1 2.70 
T 2 1.32 
D 2 2.20 
T 3 6. 22 
D 3 6.24 
T 4 1.80 
D 4 3.59 
T 5 2.82 
D 5 3.70 
D 6 2.84 
D Z 6.86 
D o 1.41 
T 6 4.21 
D 9 1.86 
T Z 1.98 
T o 3.94 
D 10 2.32 
T 9 8.62 
D 11 4·27 
D 12 4·43 
T 10 2.96 
T 11 8.50 
T 12 4.31 
T 13 2.34 
D 13 4.83 
T 14* 4.15 
D 14 9.97 (No R) 
D 15 8.20 
Time 
of day 
9:56A.M. 
9:59 
10:02 
10:05 
10:08 
10:11 
10:14 
10:17 
10:20 
10:23 
10:26 
10:29 
10:32 
10:35 
Responses 
Total sts 
11 9 
9 6 
8 6 
7 
6 
2 0 
3 1 
2 0 
16 13 
2 0 
2 0 
2 0 
3* 0 
2 0 
D 16 2.63 
T 15 9.98 (No R) 10:36 1 1 
T 16 9.99 (NoR) . 
*Animal inadvertently was given•two extra sT trials 
and responded quickly each time; latencies were not 
recorded. 
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cumulative elapsed 
time in sD: 68.0 
cumulative elapsed 
time in sT: 74.91 sec. 
mean: 4.25 sec. 
ran e: 1. 1-9.9 (No R) sec • 
. does not include·.the two 
extra trials) 
mean: 4.68 sec. 
range: 1.32-9.99 (No R) sec. 
sD responses: 15. i:l s'l' responses: 14 (not including the two 
extra trials). S responses: 47. TOT~L responses: 78. 
Symbol "No R" indicates a trial on which the animal has 
failed to respond. 
TABLE A~II. - Data from critical session on light 
intensity generalization for rat M-14; sD light: 
7.5 volts, sT light 3.0 volts 
Trial Time of day Responses 
S- No. Elapsed time Total SD 
T 1 4.69 sec. 3:05 P.M. 3 ~ 
D 1 2.97 
T 2 2.40 3:08 
D 2 0.84 
T 3 2.27 
D 3 0.83 3:11 
T 4 5·57 
D 4 2.23 
T 5 9·95 
D 5 0.84 3:17 
D 6 4·43 
D 7 8.51 3:20 
D 8 5.41 
T 6 10.26 (NoR) 3:23 
D. 9 4-6-5 
T 7 10.26 
T 8 10.22 
D 10 10.23 
T 9 8.31 
D 11 9.32 
D 12 1.02 
T 10 10.29 
T 11 10.28 
T 12 10.26 
T 13 10.23 
D 13 9.22 
(No R) 
(No R) 
(No R) 
(No R.) 
(No R) 
(No R) 
(No R) 
3:29 
T 14 10.18 (No R) 
D 14 10.25 (No R) 3:41 
D 15 6.54 
3 1 
5 2 
0 
5 
2 0 
1 0 
1 0 
0 0 
3 1 
2 2 
2 1 
1 0 
0 0 D 16 10.24 (NoR) 3:44 
T 15 10.16 (No R) 
T 16 10.19 (NoR) 3:45 0 0 
cumulative elapsed mean: 5.35 sec. 
time in sD: 85.61 sec. range: 0.83-10.25 (No R) 
cumulative elapsed mean: 8.59 sec. 
time in sT: 137.44 sec. range: 2.27-10.29 (No R) 
sD responses: 14. sT responses: 5· S~ responses: 
13. TOTAL responses: 32. Symbol "No R" indicates 
a trial on which the animal £ailed to respond. 
sec. 
sec. 
TABLE A-!II. - Data £rom critical sessioB on light 
intensity generalization for rat M-16; S light: 
7•$ volts, sT light: 2.4 volts 
Trial Time Responses~. 
S- No. Elapsed time of day Total S 
T 1 
D 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T 5 
~ g 
~ ~ 
T 6 
D 9 
~ ~ 
D 10 
T 9 
D 11 
D 12 
T 10 
T 11 
T 12 
T 13 
D 13 
T 14 
D 14 
D 15 
D 16 
T 15 
T 16 
9.74 sec. (No R) 
6.19 
3.28 
3·64 
9·74 (No R) 
5·55 
9·74 (No R) 
3-20 
9·74 (No R) 
9.74 (No R) 
9.77 (No R) 
9.77 (No R) 
9.75 (No R) 
9.75 (No R) 
9.76 (No R) 
9.74 (No R) 
9·74 (No R) 
9.74 (No R) 
9.74 (No R) 
2-37 
1.99 
9.76 (No R) 
4.18 
9.75 (No R) 
9.74 (No R) 
9·74 (No R) 
9.72 (No R) 
9.74 (No R) 
9.74 (No R) 
3.65 
9.74 (No R) 
9.74 (No R) 
10:53 A.M. 
10::56 
10:59 
11:02 
11:02 
11::08 
11:11 
11:14 
11:17 
11:20 
11:23 
11:26 
11:29 
11:32 
11:33 
3 1 
4 3 
1 0 
1 0 
0 0 
0 0 
0 0 
0 0 
2 1 
2 1 
1 0 
0 0 
0 0 
1 0 
0 0 
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cumu1at,ive elapsed mean: 7.15 sec. 
time in sD: 114.35 sec. range: 1.99-9.77 (No R} sec. 
cumulative elapsed mean: 8.99 sec. 
time in sT: 143.84 sec. range: 3.28-9.76 {No R) sec. 
SD responses: 7• ST responses: 2. S~ responses: 6. 
, TOTAL responses: 15. Symbol "No R" indicates a trial 
on which the animal £ailed to respond. 
TABLE A~IV. - Data from critical session on light in-
tensity generalization for rat M-23; sD light: 7•5 
volts, ST light: 4.4 volts 
Trial Time Responses 
S- No. Elapsed time of Day Total sE 
T 1 
D 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T 5 
D 5 
D 6 
g ~ 
T 6 
D 9 
~ ~ 
D 10 
T 9 
D 11 
D 12 
T 10 
T 11 
T 12 
T 13 
D 13 
T 14 
D 14 
D 15 
T 15 
T 16 
D 16 
1.39 sec. 
1.91 
4.81 
3-13 
2.46 
2. 93 
3.60 
2.50 
8.04 
4-93 
2.70 
5·29 
8.60 
3.80 
4.29 
10.27 (No R) 
10.27 (No R) 
10.27 {No R) 
10.29 (No R) 
2.58 
2.65 
2.61 
3-23 
3.76 
8.42 
6.72 
10.23 {No R) 
2.74 
2.84 
1. 53 
10.21 {No R) 
10.20 {No R) 
2:17 P.M. 
2:20 
2:23 
2:26 
2:29 
2:32 
2:35 
2:53 
2:57 
3:02* 
9 7 
8 6 
4 1 
2 0 
2 0 
2 0 
2 .0 
0 0 
1 0 
3 1 
2 0 
3 1 
1 0 
3 1 
0 0 
0 0 
*16th sD trial taken after a time-out, during which 
the animal was left untouched in the box. 
cumulative elapsed mean: 4.64 sec. 
time in sD: 74.28 sec. range: 1.91-10.27 (No R) sec. 
cumulative elapsed mean: 5.93 sec. 
time in sT: 94.92 sec. range: 1.39-10.29 {No R) sec. 
sD responses: 14. sT responses: 11. S~ responses: 
17. TOTAL responses: 17. Symbol "No R" indicates 
a trial on which the animal failed to respond. 
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TABLE A~v. - Data from critical session Bn light 
intensity ge¥eralization for rat M-24; S light: 
1·2 volts 2 S light: ~·~volts 
Trial Time Res12onses 
S- No. Ela12sed time of day Total szs: 
T 1 1.38 sec. 
D 1 10.12 (No R) 3:22 P.M. 6 5 
T 2 10.12 (No R) 
D 2 1.60 3:25 2 0 
T 3 2.10 
D 3 2-45 3:28 4 2 
T 4 3·45 
D 4 1-43 3:31 3 1 
T 5 1.68 
D 5 2.09 3:34 3 1 
D 6 2.14 
D 7 2-75 3=37 2 0 
D 8 3·15 
T 6 1.82 
D 9 2-74 3:40 3 0 
T 7 2.81 
T 8 10.11 {No R) 3 =43 1 0 
D 10 3-38 
T 9 1.74 
D 11 2.69 3:46 4 1 
D 12 3·87 
T 10 9-27 3:49 1 0 
T 11 10.09 (No R) 
T 12 10.09 ,(No R) 
T 13 2-44 3:52 2 0 
D 13 4·03 
T 14 3·07 2=22 1 0 
D 14 10.08 (No R) 
D 15 7·39 3:58 2 1 D 16 10.06 ~No R) T 15 10.07 ,No R) 4:01 1 0 
T 16 2.~2 
cumulative elapsed mean: 4.37 sec. 
time in SD: 69.97 sec. range~ l-43-10.12 {No R) sec. 
cumulative elapsed mean: 5.17 sec. 
time in sT: 82.69 sec. range: 1.38-10.12 
· {No R) sec. 
sD responses: 13. sT responses: 11. S~ responses: 
11. .TOTAL responses: 35. Symbol "No R" indicates 
a ~rial one which the animal failed to respond. 
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TABLE A-VI. ~ Data for acquisition of discrimination responses (up to the time of meeting 
the criterion) for the four animals of the main experiment. Data are pooled for all 
values o£ the stimulus compound used in the stimulus substitution method of training, 
from 100% light and o% cortical stimulation through O% light and 100% cortical stimula-
tion as the conditioned stimulus. 
cs - Climulati ve Total cs ---~--Tot a I time 
Animal electrode elapsed responses responses in Skinner 
time (min.) box (min.) 
No. o£ 
preferred hours 
at criterion 
M-14 
M-.16 
M-23 
sD 
sT 
sD 
sT 
sDat 0.30 
milliamps 
sD at 0.48 
milliamps 
sT at 0.48 
milliamps 
32.oa _ 713_ _ _____ 3_71 --~ ___ 5_44. 
34.11 511 242 351 
36.20 637 327 596 
One 
One 
Two - apparatus 
trouble lowered 
the number of trials 
~- --------~-- ---~- per 'daily session 
more 
than 252 132 159 One 
.10 
207.93 1,918 450 851 Three 
more 
than 586 280 396 Three 
20·~2 
1.05 99 52 47 Animal performed at 
criterion rate for 
35 min.; no further 
data taken 
sD at 0.48 32.40 801 424 518 Three 
milliamps 
M-24 sD at 0.30 16.80 423 308 371 Three 
milliamps 
sT at 0.30 9.25 185 140 140 One; plus a second 
milliamp$ _ -~ __ E;es_Qion_15 _IIl.i_l'l.!_ long 
Data were taken from the beginning of the shaping of the behavior with light as the 
conditioned stimulus through the sessions in which the discrimination behavior was at 
the criterion level. The data from the warm-up period immediately preceding the crit-
ical session are not included in this table, however. 
~) 
~ 
~ 
TABLE A-VII~~- Control and extinction data for each electrode of rats M-14 and M-16. 
sD period (40 min. to 60 min. long) preceded a 30-min. sT period which was followed 
by a second sD period (30 min. l~ng). In the cas~ of M~J4, a £~pal, 40-min. lqng, 
sT oeriod was. added · - ·~ · 
- --
:'.:< ~"' - Animal M-14 .R ' Animal.M-16 ~ l"f . 
. .ttetra~n~ng .l:!iXper~mentaJ. ~ ' . .: .tteti.~~~g ~ Jl .1!1xper~men1;aJ. 
control ' extinction control· :J · extinction 
Score SD electrode ST ~ su electrode ST su electrode ST "SD electrode S~ 
Cumula t;i ve 2.56 2.~8 12.3~- .. 8.62 4.00 ...-.:1·• Q· 82 ·7-30 . 3.60 . -.,: . ~ .... 
-..... J....:'""" ""~ ;.:~ .,. .. 
elapsed · : .. 
-
f"l"'.. • ~ ...... "' 
time (min.) ' . -
Total ' - .116 4~ 40 18 205 ~ • 45 78 9 
responses / ~ _ ... > 
Rate of 1.66 1.40 --:· . 0.49 0.23 2 • 3 0 . -;., --1. 55 1.11 0.27 
total C:~Lfonses R/M -~ R/1'4 R/M R/M . -~·~ _ ,R/M R/M R/M responding R M) 
cs 59 16 40 14 57 24 38 9 
responses . 
Rate of 0.84 o. 5.3 0.79 '- 0.18 0.64 - ·0.83 0.5.4 0.27 
cs R/M RJM R M. R/M R/M 
-
'R/M .. RlM R/M 
responding 
Time in 70 30 81 79 89 29 70 33 
Skinner 
box (min.J , _ 
----- - --~ 
--------- --- ·-···-----------
\() 
\.11 
TABLE A-VIII. - Extinction data for the SD electrode 
of rats M-23 and M-24. Extinction was carried out 
to a criterion of 15 consecutive sD trials without 
a single response to sD. For rat M-23, the current 
intensity of the sD was 0.30 rnA. For rat M-24, the 
current intensity of the sD was 0.48 mA. 
Score 
Cumulative 
elapsed 
time (Min.) 
Total 
responses 
Rate of 
total 
responding 
sn 
responses 
Rate of 
sn 
responding 
Time in 
Skinner 
box (min.) 
Animal M-23 
15.17 
43 
0.34 
responses 
per min. (R/M) 
27 
0.21 
R/M 
127 
Animal M-24 
24 
0.52 
R/M 
13 
0.28 
R/M 
46 
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TABLE A-IX. - Data from critical session on stimulation 
int~nsitn generalization for rat M-14 on the sD elec-
trode; S current: 0.30 mA., sT current: 0.20 rnA. 
Trial Time Responses 
S- No. Elapsed time of day Total sA 
T 1 
D 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T 5 
D 5 
D 6 
~ ~ 
T 6 
D 9 
i ~ 
D 10 
T 9 
D 11 
D 12 
T 10 
T 11 
T 12 
T 13 
D 13 
T 14 
D 14 
D 15 
D 16 
T 15 
T 16 
,_ 
4.38 sec. 
1.58 sec. 
7.00 sec. 
1.14 
7.29 
1.19 
9.80 (No. R) 
5-91 
1.91 
4.38 
4·42 
7.22 
4.10 
9·77 (No R) 
6.72 
9.79 {No R) 
9.75 (No R) 
2.52 
9.76 (No R) 
5-05 
4.16 
9.76 (No R) 
3·14 
9·75 (No R) 
9.80 (No R) 
7-15 
0.23 
9.74 (No R) 
9.11 
5.80 
9·74 {No R) 
9.77 (No R) 
10:11 A.M. 
10:14 
10:17 
10:20 
10:23 
10:26 
10:29 
10:32 
10:35 
10:38 
10:41 
10:44 
10:50 
10:51 
12 10 
7 5 
5 3 
6 4 
2 0 
6 4 
5 4 
3 2 
3 2 
12 11 
7 6 
11 9 
6 5 
2 1 
0 0 
cumulative elapsed mean: 5.01 sec. 
time in sD: 80.19 sec. range: 1.14-9-74 (No 
R) sec. 
cumulative elapsed mean: 7.60 sec. 
time in sT: 121.64 sec. range: 0.23-9.80 {No 
R) sec. 
sD responses: 15. sT responses: 6. Sb responses: 
66. TOTAL responses: 87. Symbol "No R" indicates 
a trial on which the animal failed to respond. 
98 
F~ .. A··3;ELAPSED TIME: t 
scoReS (BY TRIAL). 
fo}Z (<.AT M-It.! FoR 
rESI of ELE C'r!iOPE 
!NTE!YSiTY 6e!VlKALI& 
TION oN THE sr 
ELEcTf<OP£. s·o 11/'IP 
sr 1N£RE o.3o ~t~A. /MiD o. '20 tt~fl. 
Rii5PE CTilltLf.. 
/, I sco f£5 FIILJ:!Jtd' //)) H!tlt#fj) nfi.L/1 -~ 
ltvo;c;rrE Nt/ .. RtS!tiiSE ~ 
1RMIJJ VARiftNfE PUt lJ.J 
7(j MfflfJf1V~· . l ~ 
lU 
~ {::. 
L:4 
LU 
k: 
4:.. 
_J 
uJ 
7.001 
bitJ 
~00 
4£()1 
~.601 
2.C0j 
1.00 
o.oo 
~'t> 
sT 
• j I 
I I 
' I 
I I 
.I I , I 
I I ,Yt 
I I I 
o.__ . I /. \ 
. \ 
I ~I 
I I I . \J ~ 
I_ ~ I 
I 
)C 
I 
k 
t 
I 
' 
I 
\ , 
\ I 
\I 
i 
.. 
K£Y 
v---o--o S'T TR JA L S 
~---11;----lt SD TRIALS 
I I 
I I I 
I \ 
I I 
I 
I I 
I 
I I 
I I 
, I 
I I 
~ I I 
I 
I 
I I 
I 
I 
I I 
' 
I 
,. 
.... ,. ' 
\ I 
~ ' . 
" 
I 
/)/( 
\.() 
\.() 
TABLE A-X. - Data £rom critical session on stimulation 
intensity generalization for rat M-14 on the sT elec~ 
trode; su current: 0.30 mA., sT current: 0.20 mA. 
Trial Time Responses 
S- No. Elapsed time o£ day Total s& 
T 1 
D 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T 5 
D 5 
D 6 
g ~ 
T 6 
D 9 
~ ~ 
D 10 
T 9 
D 11 
D 12 
T 10 
T 11 
T 12 
T 13 
D 13 
T 14 
D 14 
D 15 
D 16 
T 15 
T 16 
4.96 sec. 
1.40 
4·67 
9.75 {No R) 
4.15 
2.48 
5.41 
5·95 
4.81 
2.67 
5.66 
9·75 (No R) 
5.10 
4·84 
4.61 
4·30 
5·54 9.75 {No R) 
9.15 
9·74 (No R) 
5·07 
9.46 
9.73 (No E) 
9.73 {No R) 
9.73 (No R) 
9.73 (NoR) 
9.75 (No R) 
9.71 (No R) 
9.· 7.2 . (No R) 
·9;'71 (No R) 
9.?2 {No R) 
9.72 (No R) 
4:06 P.M. 
4:09 
4:12 
4:21 
4:33 
4:39 
4:42 
4=45 
4 3 
6 4 
3 1 
2 0 
3 1 
1 0 
3 0 
2 0 
1 0 
2 0 
2 2 
1 1 
0 0 
0 0 
0 0 
cumulative elapsed mean: 6.93 sec. 
time in sD: 110.80 sec. range: 1.40-9.75, (No R) sec. 
cumulative elapsed mean: 7. 23 s'ec. 
time in sT: 115.67 sec. range: 4.15-9.75 (No R) sec. 
sD responses: 8. sT responses: 10. S~ responses: 
12. TOTAL responses: 30. Symbol "No R" indicates 
a trial on which the animal failed to respond. 
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'TABLE A-XI. - Data from critic~l session on stimulation 
intensitn genera~ization for rat M-16 on the sD elec-
trode; S current:. 0.30 rnA., sT current: 0.20 mA. 
Trial Time Responses 
S- No. Elapsed time of Day To~al s& 
T 1 
D 1 
T 2 
D 2 
T 3 
D 3 
T 4 
D 4 
T 5 
~ g 
D 7 
D 8 
T 6 
D 9 
T 7 
T 8 
D 10 
T 9 
D 11 
D 12 
T 10 
T 11 
T 12 
T 13 
D 13 
T 14 
D 14 
D 15 
D 16 
T 15 
T 16 
7.68 sec. 
1.56 
4·49 
0.94 
2.88 
10.33 (No R) 
1.69 
0.70 
2.42 
1.82 
3.48 
2.70 
2.52 
7·03 
3-92 
7.51 
10.29 (No R) 
4.85 
10.28 (No R) 
10.29 (No R) 
10.30 (No R) 
0.18 
5-35 
9.33 
10.25 (No R) 
4-07 
10.26 (No R) 
2.32 
4.26 
4.20 
10.24 {No R) 
10.25 {No R) 
2:11 P.M. 
2:14 
2:17 
2:20 
2:23 
2:26 
2:29 
2:32 
2:49* 
2:52 
2:55 
3:00 
2 0 
3 0 
1 0 
2 0 
2 0 
3 1 
5 2 
1 0 
0 0 
2 0 
1 0 
1 0 
2 0 
1 0 
0 0 
*S-min. time-out for repairing a short-circuit on 
the animal's harness. 
cumulative elapsed mean: 4.27 sec. 
time of sD: 68.26 range: 0.70-10.33 (No R) 
sec. 
cumulative elapsed mean: 6.88 sec. 
time of sT: 110.13 sec. range: 0.18-10.29 (No R) sec. 
sD responses: 13. sT responses: 10. S~ responses: 
3. TOTAL responses: 26. Symbol "No R" indicates 
a trial on which the animal failed to respond. 
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TABLE A-XII. - Data from critical session on stimul~-
tion intensity generalization for rat M-16 on the S 
electrode; sD current: 0.20 mA. 2 sT current: 0.20 rnA. 
Trial Time Res:Qonses 
S- No. Ela:Qsed time of day Total szs 
c 
T 1 3·37 sec. 3:15 P.M. 5 3 
D 1 2.91 
T 2 10.14 (No R) 3:18 6 5 
D 2 1.64 
T 3 10.13 (No R) 
D 3 1-97 3:21 1 0 
T 4 10.14 (No R) 
D 4 0.66 3:24 3 2, 
T 5 10.12 (No R} 
D 5 2.84 2=2Z 1 0 
D 6 3-19 
D 7 2.06 3:30 4 1 
D 8 3-99 
T 6 10.11 (No R) 3:33 1 0 
D 9 3-47 
T 7 10.12 (No R) 3:36 1 l 
T 8 10.12 (No R} 
D 10 10.12 (No R} 
T 9 10.12 (No R) 3=39 3 2 
D 11 2-73 
D 12 10.10 (No R) 3:42 0 0 
T 10 10.12 (No R) 
T 11 10.10 (No R) 3:45 4 4 
T 12 10.12 (No R} 
T 13 10.10 (No R) 3:48 1 0 
D 13 3-29 
T 14 10.10 (No R) 
D 14 3-13 3:51 2 0 
D 15 2.70 
D 16 10.09 (No R) 3:54 0 0 
T 15 10.10 (No R) 
T 16 10.10 {No Rl 2=22 0 0 
cumulative elapsed mean: 4.06 sec. 
time fun sD: 64.89 sec. range: 0.66-10.12 (No R) sec. 
cumulative elapsed mean: 9.69 sec: 
time in sT: 115.11 sec. range: 3·37-10.14 {No R} sec. 
sD responses: 13. sT responses: 1. S~ responses: 
18. TOTAL responses: 32. Symbol "No R" indicates 
a trial on which the animal failed to respond. 
APPENDIX B. POST-OPERATIVE DATA FOR THE BILATERALLY IMPLANTED 
ANIMAL, RAT M-7 
The histological data, and the pre-operative light in-
tensity generalization data, for the bilaterally implanted 
rat M-7 are to be found in the text. This appendix includes 
data on the post-operative behavior of rat M-7· 
Data on the inter-electrode generalization test are pre-
sented in Table B-I. The analysis of the difference in be-
havior to the sD electrode from the behavior to the sT elec-
trode was done by Fisher's Exact Method, as shown in Table B-
II. 
Since the animal made four responses to sT (see Table 
B-I), probabilities had to be calculated not only for the 
actual case, but for the four hypothetical cases in which the 
rat might have made three, two, one and no sT responses, re-
spectively. The five probabilities thus obtained were added 
up; the sum probability was 0.016, so that there was a' sig-
nificant difference between the level of responding to each 
electrode; i.e., there was little or no inter-electrode gen-
eralization. See Table B-II for this analysis. 
Reference to Table B-I establishes that M-7 made 35 S~ 
responses during the critical session on inter-electrode gen-
eralization. The question arises as to whether the four sT 
responses could have been "stray" S~ responses whichhappened 
by chance to fall into sT trial intervals. An analysis in 
terms of the expected S~ frequency was made using the method 
described in pp. 41-42 of the text. The critical session was 
subdivided into two periods for this analysis. Period I, 
106 
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TABLE B-I. - Data from critical session on inter-
electrode generalization for bilaterally implanted 
rat M-7; current intensity through each electrode: 
0.;20 rnA. 
Trial Time Res:Qonses 
S- No. Ela}2sed time of da:2: Total sts 
T 1 3.18 sec. 12:00 Noon 11 9 
D 1 1.21 
T 2 3.84 12:03 P.M. 11 9 
D 2 3-55 
T 3 9-65 (No R) 12:06 5 4 
D 3 4.12 
T 4 9.65 (No R) 
D 4 2.74 12:09 9 8 
T 5 9.68 {No R) 
D 5 9.66 (No R) 12:12 1 0 
D 6 3.40 
D 7 2.65 12:15 5 3 
D 8 1.59 
T 6 9.67 (No R) 
D 9 5.08 12:18 2 0 
T ~ 8.39 T 9-71 (No R) 12:21 1 0 
D 10 4-29 
T 9 9.68 (No R) 12:24 0 0 
D 11 9-70 (No R} 
D 12 4-73 12:27 1 0 
T 10 9.70 (No R) 
T 11 9.69 (No R) 12:30 0 0 
T 12 9.70 (No R) 
T 13 9.69 (No R) 
D 13 9.69 (No R) 12:33 2 1 
T 14 7.48 
D 14 9.69 (No R) 12:36 1 0 
D 15 9.00 
D 16 9.69 (No R) 12:39 1 1 
T 15 9.69 (No R) 
T 16 2·ZO (No R) 12:!±,0 0 0 
cumulative elapsed mean: 5.67 sec. 
time in sD: 90.79 sec. range: 1.21-9.70 {No R) sec. 
cumulative elapsed mean: 8.69 sec. 
time in sT: 139.09 sec. range: 3.18-9.71 {No R) sec. 
sD responses: 11. sT responses: 4. s6 responses: 
35· TOTAL responses: 50. Symbol "No R" indicates 
a trial on which the animal failed to respond. 
TABLE B-II. - Fisher's exact probability test applied 
to inter-electrode generalization session of bilater-
ally im~lanted animal M-z 
Actual data 
NoR R sum 
sT· 12 4 16 
sD 5 11 16 
sum 17 15 32 
p = 0~01417 
Hy~othetical data set II 
NoR R sum 
sT 14 2 16 
sD 3 13 16 
sum 17 15 32 
p = 0.000120 
Hypothetical data set IV 
No R R sum 
sT 16 o 16 
sD 1 15 16 
sum 17 15 32 
p < 0. 0000001 
Hy~othetical data set I 
NoR R 
sT 13 3 
sD 4 12 
sum 17 15 
p = 0.001817 
Hy2othetical data set 
NoR R 
sT 15 1 
sD 2 14 
sum 17 15 
p = 0.000003 
Summation of the 
five 2robabilities 
O.Ol4:C7 
0.001817 
0.000120 
0.000003 
0.0000001 
0.0161101 
sum 
16 
16 
32 
III 
sum 
16 
16 
32 
P = 0.016, or P ~0.02 
Significant for~= 0.05 
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consisting of the first 12 min., included 4 sD trials and 5 
ST trials; the animal made 30 SA responses in Period I. Per-
iod II, consisting of the last 31 min., included 12 sD trials 
and 11 sT trials; the animal made 5 sA. responses in Period II. 
Within each of the two periods the S~ response-rate was fairly 
constant (again see Table B-I). 
The estimated number of SA responses for the 5 ST trials 
that occu~red in the first 12 min. was 2.23; the actual number 
of sT responses in Period I was 2. The estimated number of sA 
responses for the 11 ST trials in the last 31 min. was 0;33; 
T the actual number of S responses for Period II was 2. 
For period I, the correspondence between the expected num-
ber of SA, responses "straying" into ST trial intervals and the 
actual number of responses to ST was so close that statistical 
analysis was superfluous; the responses could easily be "strays." 
A Fisher's exact probability test was applied to the Period II 
data testing the probability that a "true" distribution of 11 
non-response in 11 trials could result by chance in an "ob-
tained" distribution of 9 non-responses and 2 responses. The 
obtained P was 0.2381, which is large enough to forestall the 
rejection of the null hypothesis. In conclusion, all four sT 
responses by M-7 may have been sA responses occurring by chance 
in sT trial intervals. One cannbt conclude at this time that 
bilaterally implanted animals generalize to a greater extent 
than unilateral implants; more observations are needed to 
clarify this point. 
On the third day of stimulus stimulation training (the 
replacement of photic by sD electrode stimulation) M-7 had 
a seizure; the sD current intensity was 0.48 mA. (After this 
event, the main experiment with the unilateral implants was 
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' conducted with 0.30 mA. stimulation current; only in the in-
vestigation of current intensity as a parameter of general-
ization was the current raised above Oe30 rnA.; see PP• 56-63.) 
It took another three days to complete the stimulus substitu-
tion at the 0.30 mA. current intensity. The next day the 
animal accomplished the first of several escapes from his 
leash, continuing to press the lever, and as an undesired 
consuequence the animal received variable interval food rein-
forcement correlated with no stimulation. This animal although 
trained much longer than the four unilateral implants never 
quite reached the criterion, on his sD electrode; another ir-
regularity in his history that should be reported here is that 
M-7, 10 days and over 11 training sessions previous to the 
inter-electrode generalization test reported in Table I, had 
been given a premature generalizati0n test the results of 
which were useless for two reasons: (1) there was a very high 
sA response rate early in the test session; (2) the~e was total 
extinction of sD responding in the middle and later portions 
of the session. 
After the second and successful inter-electrode general-
ization test, M-7 was trained on the sT electrode; the stimulus 
\ 
substitution of this electrode for light took only one day. 
The animal by now was unable to escape the leash because of 
improved methods for holding together the plug and socket on 
. T his harness. After four days of S electrode training, the 
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animal reached the criterion of 150 or less responses in the 
preferred hour and continued criterion behavior for five con-
secutive days. Subsequent training sessions with the sD elec-
trode, however, found M-7 still falling short of the criterion. 
The extinction data for the two electrodes of this animal 
are given in Table B-III. 
A critical session for the gen~ralization of the inten-
sity of cortical stimulation was run on each electrode of rat 
M-7· See Table B-IV. 
A threshold function was run through for each electrode 
of this animal. See Table B-V. 
TABLE B-III. - Control and extinction data for eflch elec-
trode of rat M-7· For the control session, an S period 
of 40 min. preceded an sT period of 30 min., which was fol-
lowed by an sD period of 40 min'. The next day the animal 
was first given 33 min. of extinction of the sD electrode 
but with the click of the feeding magazine still present; 
then came 7 min. of typical extinction with sD responses 
leading only to the removal of sD.. 60 min. of regular ex-
tinction on the sT electrode followed by 30 min. of regu-
lar extinction on the sD electrode completed the tabled 
observations. 
Retraining control Experimental extinction 
Score sD electrode sT sD ~lectfrode sT 
Cumulative ,J 
elapsed 4-28 2.24 . 5 •. 11 5.28 
time (min.) 
Total 164 63 130 28 ~ . 
responses 
Rate of 2.02 2.10 1.&6 O./.r.7 
total response.s R/M R/,M R/M 
responding p~~ min. ' 
.(R M) 
cs 48 24 49 14 
responses 
Rate of o. 59)~ o.~O* l 0.70* 0.23 
cs R/M R/M J R/M R/M 
responding ' 
Time in 
Skinner 81 30 I 70 60 box (min.) 
' 
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*Trouble with the timing mechanism prevented all the sched-
uled sD trials from being administefed in the two sD con-
trol periods, but the intervening S control period was not 
affected; the cumulatiDe response record indicates that M-7 
ceased responding to S for the last 10 min. of the second 
sD extinction period. 
,, 
TABLE B-IV;. - Intensity generalization test data based 
on two tests (one on the sD, one of the sT, electrode} 
of rat M-7· sD current intensity was 0.30 mA., sT elec-
t d t . t •t 0 20 mA f b th t t ro e curren ~n ens~;v was • . _,_ or 0 es s • 
Tested on sn electrode sT electrode 
Current sD ~·· sT sD sT intensity 
Response 15 14 14 8 
freauencv 
Cumulative 63.08 103.77 83.34 129.98 
elapsed time sec. sec. ! sec. sec. 
Mean 3·94 b.49 I 5.21 8.12 
elapsed time·, sec. sec. I sec. sec. 
Range 1.13 -- l.9b 0.92 3·b9 
of elapsed to to to to 
time 10.50 10.43 10.22 10.20 (No R) (No R) (No R) (No R) 
sec. sec. sec. sec. 
s6 26 20 
responses ' 
Total ' . 1 responses 5__5_ 1f_2 
TABLE B-V. - Data on threshold function obtained by the de-
scending half of the Method of Limits. There is a set of 
readings for each ele¥trode of rat M-7· Each current in-
tensity through the S electrode was observed for 30 min.; 
each current intensity through the sD electrode was observed 
for 20 min. 
Electrode used sD sT 
CS intensity 0.30 0.21 0.15 0.30 0.21 0.15 
rnA. rnA. rnA. rnA. rnA. rnA. 
Cumulative 18.88 25.12 31.76 74-53 98.85 81.69 
elapsed time sec. sec. sec. sec. sec. sec. 
CS response 16 17 17 25 24 25 
freauencv 
Total 40 54 127 b2 55 74 
response 
freauencv 
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APPENDIX C. DATA FOR RAT M-1, RUN ON AN ALTERNATING 
DISCRIMINATION SCHEDULE 
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The alternating variable-interval (V-I) and extinction 
(ext) discrimination on which animal M-1 was run was similar 
to the schedule used by Frick1 and especially resembled the 
schedule reported by Smith and Hoy. 2 A variable-interval 
food-based schedule alternated with extinction, each condi-
tion being correlated with a particular stimulus. The stim-
ulus accompanying the V-I schedule will be called sD, that 
accompanying extinction will be designated s6 • The two con-
ditions alternated at an average rate of 2.75 min., the five-
interval (of interval lengths) being 2.75 min., 2.33 min., 
3.15 min., 2.33 min., and 3.15 min. Within the V-I intervals, 
responses were reinforced every 1.20 min., on the average; 
reinforcements were delivered according to the seven-interval 
cycle: 1.67 min., 1.27 min., 1.33 min., 0.87 min., 1.47 min., 
0.47 min., and 0.93 min. The two cycles were so coordinated 
that it was possible for the animal to obtain at least one 
food pellet in every sD period. The irregularity of the 
cycles ruled out the possibility that the animal could form 
a temporal discrimination; this ensured that only sD and s6 
could be considered effective antecedents for any differences 
in response rates to the two schedules. 
1 c F. • Frick, An Analysis of an operant discrimination. 
J. Psychol., 1948, 26: 93-123. 
2M. H. Smith, Jr. and W. J. Hoy, Rate of response during 
operant .discrimination. J. exp. Psychol., 1954, ~: 259-264. 
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The SD light (used as a cue pre-operatively, as with the 
ather animals) was used in a light intensity generalization 
test, with rate of responding as the dependent variable. Then 
the cues were reversed with respect to the reinforcement con-
~ D tingencies so that light was made S and darkness was now S • 
After this discrimination reversal, there was a second light 
intensity generalization test. 
Post-operatively, the electrical stimulation of the cor-
tex was used as the food-associated sD; this stimulation was 
cue-reversed three times. At each reversal of cue, the animal 
responded by gradually modifying his behavior so that after a 
period of acquisition sD remained associated with a response 
rate clearly greater than the rate in the presence of sa. 
Data for the initial acquisition of the discrimination 
with the sD light are given in Table G-I. 
TABLE G-I. - Data on the acquisition of the alternating ~is­
crimination with light the sD for a V-I schedule 
Day Time in Responses to sD Responses to sA 
box (light flashing) (steady darkness) 
1 2hn. 1M 00 
2 2 hrs. 440 261 
3 2 hrs. 543 291 
4 2 hrs. 614 214 
5 2 hrs. 877 236 
Data for the first light intensity generalization test 
(with a flashing light as BD, a dim flashing light as ST, and 
darkness as S~) are presented in Table G-II. ST was substituted 
for S& in half of the scheduled S& periods. Reinforcements 
D 
were presented on the usual V.-I schedule during the S per-
iods.. No warm-up period preceded the test session. 
TABLE G-II. - Data on light intensity generalization 
withDthe alternating discrimination schedule (light 
as S ) 
Responses 
Time in 
presence of 
stimulus 
Average 
rate of 
response 
Range of 
response 
rates for 
individual 
periods 
331 
32.16 
min. 
10.3 
responses 
per min. 
3.27 
to 
17-45 
97 
16.50 
min. 
5.9 
responses 
per min. 
0.43 
to 
12.02 
26 
16.92 
mini 
1.5 
responses 
per min. 
o.oo 
to 
2.82 
In Table G-II, note, from the range of response rates 
for individual periods, that there was Q£ overlap of response 
rates to sD and response rates to s8·• Behavior to ST was 
intermediate between the extremes of sD and sA behavior. 
Table G-III presents data for the cue reversal of.the 
flashing light to an SA. 
\ 
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TABLE C-III. - Data on the cue-reversal of the alter-
nating discrimination with light now in the role of 
s~:J. 
Day Time in Res onses to sD Responses to S!J. 
box darkness) li ht flashes) 
1 2 1/2 hrs. 508 824 
2 2 hrs. 592 502 
3 2 hrs. 663 334 
4 2 hrs. 1,097 536 
5 2 hrs. 976 287. 
6 2 hrs. 1,185 166 
Table C-IV presents data for the second light intensity 
generalization test (with the flashing light as sA, the weak 
flashing light as ST, and darkness as sD). 
TABLE C-IV. - Data on light intensity generalization 
withAthe alternating discrimination schedule (light 
as S ) 
Stimulus sD ST sD. 
Responses 991 138 78 
Time in 44.00 16.50 27.82 
presence oi' min. min. min. 
stimulus 
Average 22.52 8.36 2.80 
rate of responses responses responses 
response per min. per min. per min. 
Range of 6.18 3.86 0.43 
response to to to 
rates for 28.00 11.64 4-76 
individual 
periods 
In Table C-IV, as in Table C-II, there was no overlap 
D b. T between S and S response rates, with the S rate occupying 
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an intermediate position. A procedural difference between the 
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two generalization tests was that in T~ble C-IV's test, gF 
was substituted for s& during 1/3 of the scheduled s~ periods, 
rather than 1/2 the S~ periods, as was the case with the test 
presented in Table C-II. 
Before proceeding to present M-l's post-operative behavior 
data we shall discuss the alternating schedule, comparing it 
with the momentary discrimination schedule used in the main 
experiment. The alternating discrimination ~chedule has a 
major advantage over the other in that it allows for the re-
versal of cues with respect to reinforcement; the momentary 
schedule could not allow for cue reversal; this would neces-
sitate that current be applied to the brain over 90% of the 
time, when the stimulation acted as sA. The control procedure 
of extinguishing the cortical stimulation, to guard against 
reinforcement e£fects arising from the removal of this stimu-
lation, would not have been necessary if the alternating 
schedule was used. 
The stimulation had to be flashed rather than steady dur-
ing the sD periods of the alternating schedule, to avoid the 
dangers of steady current application to brain tissue for sev-
eral minutes at a time. The pre-operative light stimulation 
was also pulsed so that the animal was habituated to pulsed 
stimulation as an sD or S~. The light stimulation as well as 
the earlier cortical stimulation was pulsed at the rate of 
1.5 sec. on, 3.0 sec. off. 
One electrode {in the left visual cortex) was implanted 
in rat M-1. The motor threshold was observed to be around 
0.98 rnA. stimulation current. On the second day of training, 
the current intensity was lowered from 1.61 mK. to 1.12 rnA., 
the animal making 1,470 sD respon~es and 551 sA responses. 
On the third day and fourth days, the current intensity of 
the cortical sD was systematically lowered to 0.37 rnA.; the 
data are presented in Table C-V. 
TABLE C-v·. - Data on the response rates to Brogressively 
lower current intensities of the corti·cal S 
Day C:urrent Time in sD responses st:. responses 
intensity box 
3 0.98 rnA:. 1 hr. 452 206 
o. 77 rnA.. 1 hr. 279 109 
o. 54 mA. 2 hrs. 732 ,304 
0.37 mA. 18 min. 38 8 
TOTAL !± lL!± hrs. 12201 62Z 
4 0.37 mA. 2 1/2 hrs. 1,288 700 
0.39 mA. 2 hrs. 1,081 305 
TOTAL ~ ll2 hrs. 2zJ62 1 2002 
Table C-v.I presents data on the first cue-reversal of 
the cortical stimulation; the reversal was initiated in the 
middle of the work session on the fifth day of work with 
cortical stimulation. 
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TABLE C-VI. - Data on the cue-reversal of the alternating 
discrimination schedule with cortical stimulation being 
shifted from an sD to an S6 
Role of 
Day Time in cortical Responses to Responses to 
box \ current sD s6 
5 3 l/2 hrs. sD (0. 63 mA.) 1.,061 368 
5 2 hrs. sD. {0.63 rnA.) 619 771. 
6 5 hrs. sD. {0.60 mA.) 2,709 1,501 
7 4 hrs. s6· ('O • 6 3 rnA: • ) 2,357 766 
8 4 1/2 hrs. s6 (0.63 mA.) 2,257 1,025 
A threshold function was plotted for decreasing values 
of S~ cortical current intensity. The data appear in Table 
C-VII. 
TABLE C-VII. - Threshold function for the cortical sA . .' This 
was taken by the decreasing half of the Method of Limits with 
a final maximum intensity reading as a check on the stability 
of the discrimination. 
Ratio of' 
Time in Intensity of to sD:s6 
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box sll current RespsBses to Respsgses res12onses 
l l/4. hrs. 0.63 mA. 771 154 5.00 
l l/4 hrs. 0.4& mA. 900 231 3.88 
1 l/4 hrs. 0.30 mA. 1,098 651 1.68 
' l l/4 hrs. 0.19 mA. 910 996 0.91 
l l/4 hrs. 0.63 mA. 1,199 131 9.10 
The discrimination w~s reversed a second time, so that 
the cortical stimulation was again put in the role of sD. 
These data are presented in Table C-VIII. 
TABLE C-VIII. - The second cue reversal with respect to 
reinfDorcement so that the cortical stimulation is ag~in 
the S 
Responses to sD 
(cortical stimulation) 
354 
748 
603 
644 
612 
Responses to s8· 
(no stimulation) 
478 
281 
172 
109 
127 
Ratio of sD:sll 
responses 
0.74 
2.66. 
3.50 
5.90 
4.82 
These records are £or successive equal-length intervals 
(1 hr. each). 
A second threshold function was plotted, this time with 
the progressively lowered current acting as the sD. These 
data are presented in Table C-IX. 
TABLE C-IX. - The second cue-reversal of the cortical 
stimulation led to the threshold function tabled here 
withDthe cortical stimulation now in its original role 
as S 
. RBtio of 
Time in Intensity of Responfles to Responses to s :s.ll 
box sD current S ·sll responses 
1 1/4 hrs. 0.63 mA. 1,069 169 6.32 
1 1/4 hrs. 0.48 mA. 834 182 4,58 
1 1/4 hrs. 0.30 mA. 830 435 1.91 
1 1/4 hrs. 0.19 mA. 565 706 0.80 
. 
1 1/4 hrs. 0.63 mA. 791 249 3el7 
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Table C-X presents data on the third reversal of discrim-
/S. ination, with cortical stimulation again acting as S • 
TABLE C-X. - Data on the third cue-reversal of cortical 
stimulation with respect to reinforcement: the stimula-
tion is now Sil 
. 
Responses to sD 
(no stimulation) 
955 1,024' 
871 
610 
Responses to sll Ratio of sD:sll , 
(cortical stimulation) responses 
769 1.31 
421 2-43 
207 4.20 
150 4-07 
These records are £or successive hourly intervals. 
The pre-operative light training and post-operative 
electrode training were at this point both active sll stimuli. 
A generalization test session was set up, using the same 
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method that had been used with the second light intensity gen-
eralization test for M-1 (seep. 108 above). Every third 
scheduled sll period was correlated with the light sll instead 
of the electrode sll. The results of this test are given in 
Table C-XI. 
TABLE C-XI. - Data from the test of generalization from the 
cortical stimulation Sil to the light Sil . 
sD 
sA (0.63 mA. sil (7.5 volt 
Stimulus (darkness) cortical light) 
current) 
Responses 1,620 499 405 
Time of 49-76 33.00 16.50 
exposure to min. min. min. 
stimulus 
Response-rate 32.56 15.12 24.55 
responses responses responses 
per min. per min. per min. 
Range of 15.24 7-72 18.45 
response to to to 
rates 44-36 24.03 30.90 
The role of the light was now reversed to sD; data for 
the reversal appear in Table C-XII. 
TABLE 0-XII. - Data from the cue-reversal of the light 
to sD 
Day 
1 
TOTAL 
2 
TOTAL 
Time in 
box 
1 hr. 
1 hr. 
1 hr. 
1 hr. 
1 hr. 
5 hrs. 
1 hr. 
1 hr. 
1 hr. 
1 hr. 
1 hr. 
1 hr. 
6 hrs. 
ResponsesDto 
light (S ) 
660 
850 
785 
840 
675 
3' 933 
1,137 
1,203 
1,241 
710 
857 
896 
6,044 
Responses to 
no light (SLl.) 
1,055 
760 
860 
650 
330 
3,848 
996 
640 
435 
398 
301 
291 
3,061 
Ratio of 
sD:s£1 
responses 
. 
0.625 
1.12 
0.92 
1.29 
2.05 
1.14 
1.88 
2.86 
1.83 
2.86 
3.08 
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After a 2-hr. ret-raining period with the sD light, the 
animal was tested for a tendency to confuse the light with 
electrical stimulation of the cortex. This was done taking 
advantage of the fact that light was an sD with a correspond-
ing si1 of darkness and no cortical stimulation, while cortical 
stimulation was an effectiYe sf1 with a corresponding SD of 
darkness and no cortical stimulation. See Table 0-XIII for 
the results of this test. 
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TABLE C-XIII. - Data from the test of M-l's ability to discrimi-
nate the light from the cortical schedule when each schedule's 
SD-s6 pair was opposed in direction to the SD-s6 pair of the 
other 
Rate of Rate of 
response response 
RespBnses to sD in Responses to s6 in 
T~me in to S responses Time in to S6 (no responses 
S (min.) (light) per min. s6 (min.) light) per min. 
3-15 39 12.38 2.33 36 15.45 
3-15 74 23.49 2.75 84 30.55 
2.33 ~~ 33.91 3-15 78 24.76 2.33 29.18 3-15 48 15.24 
2-75 95 34-55 2.33 18 7e73 
3-15 158 50.16 2.33 13 5.58 
3·15 128 40.63 2.75 41 14.91 
2.33 96 41.20 3.15 43 13.65 
2.33 76 32.62 3-15 11 3.49 
2.75 106 38.55 2.33 24 10.30 
3·15 167 53.02 2.33 17 7.30 
3-15 151 47·94 2.75 17 6.18 
The following observations were taken under extinction conditions; 
the preceding S6 is now an sD; if the animal changes his behavior 
in accordance with the change of cues, he will be described as 
~ confusing the cortical stimulation with a flashing light. 
Time in Responses s6 Time in RespBnses sD rate 
s6 {min.) to s6 rate sD {min.) to S {no 
(cortical) light) 
2.33 21 9.01 3-15 111 35.24 
2-75 27 9.82 2.33 47 20.17 
3-15 38 12.06 2.33 55 23.61 
3-15 13 4.13 2.75 10 3-64 
Returning to the discrimination wherein light is the sD: 
Tbme in sn (light) sD rate Time in sA (No sA rate 
S (min.) responses SA (min.) light) 
responses 
2-33 50 21.46 3-15 18 5-71 
2.33 96 41.20 
'• 
3-15 58 18.41 
For the analysis described in Table C-XIII, the animal 
was started off on the light-no light (light as sD discrim-
ination. The response frequency for each 2.75 min. (ave.) 
interval was .noted as well as the duration of each interval • 
• 
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The animal showed a suitably low response-rate to the no-light 
sA. After such an SA interval, the animal was subjected to an 
interval with the cortical stimulation as the.cue; the rat 
responded appropriately by maintaining his low sA rate. The 
next session was in darkness, with no cortical stimulation. 
The question was, would the animal react to the darkness as 
an sA ~she had one interval previously), thus indicating that 
he confused the cortical stimulation with light, or would he 
react to the darkness as an sD, which would be appropriate to 
its role when contrasted with cortical stimulation but not in 
. 
the context of light ~· darkness? The animal responded to 
the darkness cue with a high frequency of lever-pressing. 
Thus, after a single interval, the animal had successfully 
discriminated between the two·different schedules -- possible 
only if he discriminated between light and cortical stimula-
tion. Such cortical stimulation, therefore, should not be 
discussed as if it were a pseudo-light flash or "phosphene.n 
Another procedure with rat M-1 was the establishing of a 
discrimination between light and the cortical stimulation. In 
40 min., M-1 made 262 responses to the bulb sD and 14 responses 
tq the cortical stimulation sA. 
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Another treatment applied to animal M-1 was the compar-
ison of the thyratron stimulator, that had been used to pro-
vide square wave stimulation to the cortex of the bilate~ally 
implanted animals in C. E. Mayer's experiment, 1 with the A. C. 
stimulator used in the present research, with reference to 
the uniformity of the discriminative behavior trained with 
cortical stimulation from one stimulator and shifted to corti-
cal stimulation from the other stimulator. Table C-XIV shows 
the results of the comparison. 
TABLE C-XIV. - Data on the experimental comparison of the 
cortical stimulation from each of two stimulators: the 
square-wave pulse thyratron stimulator and the sinusoidal-
wave A. C. transformer; the former was used in the C. E. 
Mayer experiment, the latter in the present research. Cor-
tical stimulation was the s~. 
Ratio of 
Type of Time with 
sD s~ sD:s~ stimulator each tyne resnonses resnonses res~onses 
Transformer 40 min. 462 55 8.40 
Thyratron 45 min. 769 282 2.73 
Transf~r.mer 15 min. 163 82 1.99 
With respect to producing discriminative stimuli, the 
two s~imulators apparently function uniformly; the ratio of 
sD:s~ responding for the thyratron falls within the range of 
ratios resulting from the use of the transformer. If there 
is any advantage in effectiveness in producing discriminable 
stimuli at the same current intensity, it rests with the 
transformer. 
As a final analysis, the current intensity of the corti-
cal S~ was systematically raised until the animal began to 
make violent responses (that may be called "pain" reactions). 
Data for this procedure are presented in Table C-XV. 
'liABLE C-XV. 
the current 
- Data resulting from the 
intensity of the cortical 
Current 
intensity 
of s~ 
0.63 mA.. (warm-up) 
0.63 mA. 
0.98 mA. 
1.26 mA. (threshold for 
head movement 
exceeded) 
1 •. 58 mA. 
Time under 
· each inteR-
sity of S responses 
sn 
15 min. 185 
1 hr. 853 
1/2 hr. 379 
1/2 hr. 215 
1/2 hr. 67 
systematic increase o£ 
SZ1 
s.6. 
responses 
26 
116 
31 
22 
5 
Ratio o£ 
sD:s~ 
responses 
7.12 
7·35 
12.20 
9-77 
13.40 
1.89 mA.· Animal gave violent "paintt reactions 
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APPENDIX D. DATA ON PILOT ANIMALS M-5 AND M-6 
The two pilot animals M-5 and M-6 were given pre-opera-
tive momentary discrimination training with the light sD; 
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M-5 had nine training days, the last eight of which were at 
the level of 150 or less responses (later established as a 
formal criterion) while M-6 had eight training days, the last 
o£ which being the only one meeting the criterion. The ani-
mals were.then given a light intensity generalization test 
with the sT being an unmeasured dim light, and the sD being 
the maximum 7.5 volts brightness. Critical session £or M-5 
and M-6 had the schedule of SD and ST trials delivered ac-
cording to a double alternation scheme, starting with two sD 
trials, then two sT trials, etc., until there were 16 trials 
on each stimulus. The results of the light intensity general-
ization test are presented in Table D-I. 
TABLE D-I. - Data on the light intensity generalization test 
£or pilot animals M-5 and M-6. Responses to sD were rein-
forced. There was a response on every trial as the 1~-sec. 
1. •t d h ld h d t t b . t d d J.mJ. e 0 a no ye een J.n ro uce • 
Animal M-5 M-6 
Stimulus gu sT sD sT 
Cumulative 
response 35.81 64.50 53.06 92.84 
latency sec. sec. sec. sec. 
Mean 
latency 2.24 sec. 4.03 sec. 3.32 sec. 5.80 sec. 
Range of 1.10 to 1.11 to 0.71 to 0.99 to 
latency 3.24 sec. 16.74 sec. 17.60 sec. 31. 9__2_ sec. 
Total 
responses 53 78 
gil responses 21 46 
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M-5 and M-6 were trained on the sD electrode by the stim-
ulus substitution of cortical current for light. The current 
intensity of the cortical sD was 0.40 rnA. M-5 had three days 
of stimulus substitution training and three days of training 
on the cortical sD only; all the three days on cortical stimu-
lation, the animal met the 150 responses or less criterion. 
M-6 had two days of stimulus substitution training and three 
D days on the unmixed cortical S ; on the last day of training, 
M-6 met the criterion. Each animal was then given an inter-
electrode generalization critical session; sD and sT were de-
livered according to the double alternation routine; sD re-
sponses were reinforced with food during the critical session. 
~he data for these tests are shown in Table D-II. Note that 
the 10-sec. limited hold has been introduced so that there 
1 
were some no-response trials • 
. 
TABLE D-II. - Inter-electrode generalization data for rats 
M-5 and M-6 
Animal M-5 ~ M-Q 
Stimulus r-- sD ~r sT sn ' ~ sT 
Cumulative . I 
elapsed 19.·54 sec. 48.54 sec. 36 .. 77 sec. 5·1-. 91 sec. 
time ' 
Responses lo 13__ 15 . 14 
Mean ., 
elapsed 1.22 sec. 3.03 sec. 2.30 sec. 3.24 sec. 
time ! 
Range of 0.34 to 0.38 to O. 73 to 0.11 to 
elapsed 2.67 sec. '10.23 (NoR) 10.07 (No R) 10.10 (No R) 
time . sec. sec • sec. 
Total 
responses 72 63 
s6 response:: 43 34 
Since each rat showed high inter-electrode generaliza-
tion, the training of the ST electrode of each animal was 
done directly, without the use of light as a mediator. In 
one day of this training, M-5 met the criterion; M-6 had 283 
total responses in his preferred hour, performance too far 
above the 150 mark to be regarded as good discrimination, and 
yet, since M-6 made his full quota of sD responses (50), one 
should expect a far greater number of total responses if the 
animal were working on a V-I schedule without an effective 
sD. M-5 was given an intensity generalization test on cur-
rent through the sT electrode. The sD intensity was 0.48 mA. 
and the sT intensity was 0.19 mA., each by way of the sT 
electrode. The following day, the animal was run on an sD 
of 0.19 mA. through the sT electrode, and his behavior failed 
to meet the discrimination criterion {M-5 made 289 total re-
sponses in the preferred hour). As a consequence, M-5 was 
then given a second intensity generalization test with the 
ST electrode; this time, the ST intensity was 0.23 mA.· Data 
for these two cortical stimulation intensity generali~ation 
test sessions are presented in Table D-III. 
Finally, animal M-5 was extinguished on each electrode; 
M-6 was given retraining and extinction on the sD electrode 
only. The data on extinction are presented in Table D-IV. 
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TABLE .. P-III. - Stimulation intensity gen15ralization test 
data for the sT electrode of rat M-5· S responding was re-
inforced. Stimuli were presented on a double alternation· 
sThedule. There were two such tests, each with a different 
S intensitv. 
Stimulation J. . 
current 
sT intensity of 0.19 mA. 0.23 rnA. 
sD ........... sT sD sT Stimulus ' 
Responses 16 2 16 5 
Cumulative 
elapsed 18.82 sec. 146.51 sec. "21 .• 06.,sec; 125.83 sec. 
time 
Mean '-'-~" 
elapsed 1.18 sec. 9.16"sec. 1.32 sec. 7-86 S!?C• 
time 
0.72 to 1.55 to 0.66 to 0.78 to 
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Range of 
elapsed 1.89 sec. 10.21 {NoR) 2-57 sec. 10.11 {No R ) 
time sec. sec. 
Total 
. 31 38 responses 
sD. responses 13 17 
·. 
-- -
. -
--- - --- - - -- -- ---
-- --- -
-
--
6 
- -
Extinction· f Retraining control sD electrode sD ·electrode sT electrode 
sD electrode of M-6 of M-6 of M-5 of M-5_ 
Time in box 
under each -
condition (min.) 100 100 60 150 
Total responses 193 126 49 237 
sD responses 91 .- 67. 33 103 
Cumulative 
elapsed 
time Cmin.) 2.19 5.69 4.10 11.27 
Rate of total ~ 
responding in • 
responses per 
1.93 1.26 0.82 1.58 minute . 
Rate of sD 
responding in 
responses per 
0.91 0.67_ 0.62 minute 0.55 
¥ith animal M-5 the sequence o£ extinction sessions was: first, extinction on 
the S electrode for 1 hr.; next, S extinction, 1/2 hr.; third, sT extinction, 1 
hr. (during this period the animal made no response in 16 consecutive trials); 
fourth, SD extinction, 1/2 hr.; finally, sT extinction, 1/2 hr. (there was spontan-
eous recovery to the extent of 8 SD responses). . 
During extinction on stimulation via his sD electrode, M-6 made no response -.-
for 11 consecutive trials. 
........ 
\..U 
-{:-
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ABSTRACT 
The present research stemmed from (a). Mayer's finding 
that there is no generalization between contralateral sites 
in the visual cortex of the albino rat (when the sites were 
stimulated by way of implanted electrodes, one being used as 
a conditioned stimulus, the other as a test stimulus in order 
to measure the extent of generalization); (b) anatomical data 
on the visual cortex, ~~, Nauta and Bucher's finding of rich 
. 
inter-connections among the cells of the visual cortex of the 
< 
same side (in the rat), and similar findings by Sholl with 
regard to the cat; and (c) the work of Myers, who found (with 
cats) that interocular transfer always appears unless both 
the posterior corpus callosum and the decussating fiber~ of 
the optic chiasm are cut. 
If (l) generalization between the activity of different 
parts of the brain on intact neural inter-connections between 
these areas (as suggested by Myers' research) and (2) cells 
in the ipsilateral visual cortex of rats are richly inter-
connected (as Nauta and Bucher,report}, then one should ex-
pect substantial generalization from one site in the visual 
cortex to another on the same side. 
For the present experiment, a pair of electrodes implanted 
in the visual cortex of one side were used. Albino rats were 
the subjects. 
For the four rats providing data on the problem as stated, 
the placement of each electrode was verified by histolog-
ical methods to be in area 17. 
The behavior was pressing the bar on a Skinner box. 
The schedule was a momentary discrimination, with a bar-
press in the presence of sD serving (a) to produce a food-
pellet reinforcement and (b) to remove the sD. Each animal's 
daily food ration was controlled by weight so that the rat 
was run at 80% of his ad lib body weight. 
In the main exp~riment, sD was .stimulation by way of 
one electrode and s~· was the absence of this stimulation. 
Data were taken separately for two periods -- a 40-min. "warm-
up" period followed by a "preferred hour." Criterion behavior 
was considered to be the production of 100 or less S~ responses 
and about 50 sD responses during the preferred hour. Each 
sD trial was limited to 10 sec. duration. After reaching 
criterion, each animal was tested for generalization of the 
behavior from the trained {sD) electrode to the test (ST) 
electrode. Sixteen trials on each of these two stimuli were 
intermingled during the critical test session. 
When a current of 0.30 mA. (adequate for training the 
sD el~ctrode to criterion, there was no response at all in 
any of the 16 trials with the sT electrode. 
Vlarious controls were e.mployed to rule out alternative 
interpretations of the data to the one reported by us. (1) 
Before the electrodes were implanted, each animal was trained 
with light as SD, dark as S~, and then tested with a dim 
light as sT. This was done to show that the animals, train-
. ing methods, and apparatus were capable of yielding general-
ization-type data under the appropriate conditions, as spec-
ified by the experimental literature. (2) The sT electrode, 
after the inter-electrode generalization test, was trained 
as an sD. This was successful in all four cases reported. 
(3) The momentary discrimination schedule removed the corti-
cal sD. Could this event reinforce the bar-pressing inde-
pendent of food? To answer this, the animals were subjected 
to experimental extinction -- a bar-press during an sD trial 
served only to remove the sD. Under these conditions behavior 
was extinguished to a criterion o£ 15 consecutive sD trials 
with no response to the sD. Other controls were run, and 
other data collected. The intensity of the cortical stimula-
tion may prove to be a parameter of the extent of inter-
electrode generalization. 
The conclusion was drawn that stimulation of a site in 
the visual cortex sufficient for service as a conditioned 
stimulus is nevertheless not sufficient for stimulus general-
ization to a test site in the visual cortex of the same side. 
J.U'I'ODtOOR.t.f'Ht 
' 
I wu bol"Jl in Bo'lton., K9"•· on ... u~:r~t '14, 1929. "'Y 
nt<>ndilry school tN1nin& Woi• ~~ot Bo='ton L.;ttn .School; I 
IU'•,dJated fr0111; l..he Lllt.in Sollool 1n June, 1947, September of 
the urr,• Y••r I entere\l Harvaroi College wl:.ere 1 oajored in 
Social helatione ~nd , 1n •dd1t1on, took up pre-~edtc~l etu~lee . 
l gr~duated fr-om Harvard Collego, <l\llr. l,;uda, tn Juno, l?Sl . 
rbat $epte~ber l enrolled in Boetor. Univer,ity GradUAte Jchool, 
obutntlle ll'lY A.M. i)• l'ayoholot,y in Aur,u&t., 1952. l remained 
1n t.he :Srad1111to School u a $tud•nt or lt~Crer1nentd t.od Phyet-
olOP:1ea.l hvohology. 
• 
In 1953-54, I was given a Teaching Fellowship by Boston 
University. In 1954-55, I was a graduate student assistant 
in the Boston University psycholo~ laboratories and while 
there began the re'Search that led to this dissertation. In 
1955-56, I was made research assistant on USPHS Grant BM-905 
awarded by the United States Public Health Service to Prof. 
J. M. Harrison, the first reader on the dissertation. In 
1956-57 I have been employed as a research assistant at the 
Boston University Physical Research Laboratories. 
I am a member of the American Psychological ~ssociation, 
the Eastern Psychological Association, the Society of the 
Sigma Xi, and the American Association for the Advancement of 
Science. 
